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A co:.ipnrison of t h e  r e l a t i v e  et3oiioxy of d i f f e r e i i t  kiiids o f  

airplc?:?e cons t ruc t ion  shont; that i7:ogoplsnes are cheaper than  

biplanes; t k t  al l -mtal  cons t ruc t ion  i s  uuch r;iore expensive 

than  a ixed  constructioi?;  3ha.t m l t i - e n g i n e  z4,-;planes a r e  imre 

expeilsive than  single-enzine types of  the same ca r ry ing  capaci-  
L t,y a i d -  speed; that t h e  cost  of  a i r p l a n e s  i s  m a t e r i a l l y  reduced 

by i n c r e a s i n g  t h e i r  size without i i icreasing t h e  iiwiber of en- 

g ines ;  that the  g r e a t e s t  econorny u s u a l l y  co inc ides  with the  bes t  

aerodynanic axd s t a t i c  conditions;  and that t h e  c o s t  i s  always 

inc reased  by s a f e t y  requirezients. 

The l ack  o f ‘ d a t a  on the  econonic a spec t s  o f  differe;?t  neth- 

ods  of a i r p l a n e  cons t ruc t ion  i s  a gyeat d i f f i c u l t y .  Aerodynamic 

and s t t t t i c  researches ,  o:?- the  other  k i ld ,  are suppl ied  with ac- 

c u r a t e  data by aind-tunnel  si?< s t r e n g t h  t e s t s ,  t he  r e s u l t s  of 

which are fouiid i n  the  teci-mica1 p res s .  During his nany years 

o f  a c t i v i t y  as an a i r p l a n e  designer a m y  ana lyses  o f  h i s  o ~ n  

and of o t h e r  dasignersr  cons t ruc t ions  havc coue under h i s  no t i ce .  

The f i rs t  a t t e a p t  t o  u t i l i z e  these m a l y s e s  was made about two 

and a half yea r s  ago. It  proved a c o q l e t e  f a i l u r e ,  owing t o  
*“Ueber d i e  ~ ~ ~ i r t s c h a l t l i c h k e i t  in der  Fer’cygung der  vvrschiedc- 
nen Bauver fdxen  von Flugzeugei?, ‘I From Z c i t m h r i f t  fur  Flug- 
tech:?ik uiid Moto r lu f t sch i f f ah r t ,  Rovedoer 1 4  and 28, 1930. T h i s  
repoi-t i s  based on t h e  s t a t e  of a e r o n m t i c a l  development of t h e  
sum-ier o f  1923. 

- 
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t h e  p r a c t i c a l  i x p o s s i b i l i t y  of d r m i n g  geze ra l  conclusions from 

t h e  c o x p a i s o n  o f  two d i f f e r e n t  nakes. 

geiieral expenses, ai16 materi2,ls. 

n a t e l y  r e l n t e d  but a r e  not  of  niuch use,  because they vary s o  

g r e a t l y  i n  differei i - t  €factories ;,nd even i n  t h e  same f a c t o r y  with- 

i n  a shor t  t i x e ,  accordi:ig t o  t he  q u m t i t y  o f  production. 

year  l a t e r  u s e f u l  r e s u l t s  xe re  obta ined  by an i n v e s t i g a t i o n  of 

t h e  n m u f n c t x e  of  a i r p l x n e  Tfiilgs. 

c e s s f u l l y  appl ied  t o  o the r  p a r t s  and f i n a l l y  enabled us t o  ::&e 

i n s t r u c  Live coxpazisoins between s e v e r a l  q u i t e  d i f f e r e n t  a i r p l a n e  

The :;?sin i tems a r c  labor, 

These th ree  facto!-s aye i n t i -  

A 

This iiiet’nod w a s  then  SUC- 

t y p m .  

Our tnslx nould be g r e a t l y  f a c i l i t a t e d  ’cy t a b l e s  conta.ining 

t h e  f i s r e s  of t he  d i f f e r e a t  ost i ixates ,  but :io Gernan o r  foreir ,n 

a i r c r a f t  nailufacturel  I G ’ O U ~ ~  r e l s a s e  such data. It  i o  t h e r e f o r e  

very  d i f f i c u l t  -to o % t a i n  m y  useful i n f o r n a t i o n ,  s ince  t h e  pub- 

l ica- ; ion  of estimates usua l ly  c m s e s  f i a m c i a l  harm t o  t h e  CoiiI- 

pany. Ihrcovcr ,  t he  working cond i t ions  02 a fac tozy  a r c  always 

a f f e c t e d  by the  quan t i ty  o f  pToduction, the  trend o f  b u s i x s s ,  

t h e  experience of t he  workmen, t he  equ ipnmt  a;;d maiiy o the r  fac- 

t o r s .  

The c o s t  o f  m a t e r i a l s  m i l l  be i n v e s t i g a t e d  f i r s t ,  then  t h e  

va r ious  s t r u c t u r a l  col~rpoiicnts aid. - the i r  i n f luence  on the  f i n -  

i shed  part, fror-i whick conclusions *,vi11 be dravn regarding the  

whole aizplene.  

t i o n  t o  b e  erqloyed w i l l  Se i n v e s t i g a t e d  in a. siuilar maimer. 

The e f f e c t  of s i z e  on -the Eethods of construc-  
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T h i s  i x v e s t i g a t i o n  i s  coilfinxi t o  a i r p l a n e s  f i l l i i i g  the  s p e c i f i -  

c a t i o m  of t he  d i f f e r e n t  a i r  n i n i s t r i e s  and t h e r e f o r e  accepted 

O i l  pub l i c  s e r v i c e  l i n e s .  If these re<yula t ions ,  drawn up f o r  

pub l i c  s a f e t y ,  were disregarded,  a i r p l a n e s  mizht be b u i l t  ciiexp- 

e r ,  bTLi+ ,nould not s e l l .  

t o  25 to:ls a r e  beyond the  scope o f  this i n v e s t i s a t i o n .  

_I 

Unusual a i r p l a n e  types o f  nore  than  20 

ii  a t e r i a 1 s* 

7-T . , a s t e  ai?d purchasing expense?, f o r  wliicii me have e n p i r i c a l  

f i g u r e s ,  L u s t  be added- t o  the cos t  of  rfiaterials used ii? a i r p l a n e  

cons t r - c t ion .  Wood for spar c o m t r u c t i o n  rmst f i r s t  'ne c u t  i i i t o  

s t r ips  ad;_7,d glued.  The waste v a r i e s  for d i f f e r e n t  s-oecies of  

wood, 'Jeil2g l e s s  f o r  spruce than for p i n e .  The f ine-grained 

s t rong  P o l i s h  p ine ,  which grows on sardy ground, y i e l d s  l e s s  

waste than Gerxa-a piiie. But eve11 w i t h  P o l i s h  p i m  the  v a a t e  i s  

s o  gi-eat t h a t  pine s p a r s  and r i b s  becai.ie very r a r e  i n  Geriizany 

aftei- L- w3,r. Durir.g the  war a l l  s p n z s  w?Te 1;iade of p i n e  with- 

o u t  r e q u i r i n g  rmch acidi t i o n a l  weight. Sheet-iiietal and plywood 

p l a t e s  y i e l d  waste, f o r  vhic'n me have erypirical f i g u r e s .  Thick 

shee t -ne t a l  f i t t i n g s  w i t h  iilalzy lightei2iiig holes  y i e l d  m-ich waste. 

Their t h i ckness  a;id tht: rxmber of  l i g h t e n i n g  h o l e s  calz o f t e n  be  

reduced by s t r u c t - a ~ a l  chnilges without a f f e c t i n g  the  xei@nt and 

s t r e n g t h .  Sheet-metal rJlntes o f  the  s m e  s i z e  a r e  used i n  both  

c a s e s ,  y e t  i n  on2 case  thcjr a re  thick and considerably lightened 
*Fiyures  1-4 were p l o t t e d  ei:;'ntee;sl i.ionths a q o .  
al'c i?Oi7T uuch higher ,  while those  o f  riista1 a r c  expected t o  drop. 

- 
Plywood p r i c e s  

, 



4 Y . A .  C . A .  Techiiical Menorandm NQ. 618 

while i n  the o ther  they a r e  t h in  aild only s l i g h t l y  l igh tened .  

Thin p l a t e s  a r e  cheaper and r e q u i r e  l e s s  work. 

Economy of n a t e r i a l  means lower c o s t  of  production. The 

considerable  waste i n  t h e  case of  wood and shee t  metal  i s  obvi- 

ous ly  a t  the e.xpense of t he  a i r p l a n e  naiiufacturer,  as i t  i m -  

c r eases  the  cos t  o f  l abo r ,  the  space requirements, t he  machine- 

t o o l  equipment and t h e  t r a n s p o r t a t i o n  requirements.  

t h e  ma te r i a l ,  however, no t  only inc ludes  the waste,  but a l s o  

the  purchasing a rd  d e l i v e r y  expenses. 

much g rea t e r  i n  aircraft cons t ruc t ion  than i n  o the r  branches o f  

The c o s t  o f  

The purchasing c o s t  i s  

indus t ry ,  OWiilg t o  t he  very exac t ing  ma te r i a l  t e s t s .  Like ship- 

bu i ld ing ,  a i r c r a f t  cons t ruc t ion  has t o  r e l y  o n  ma2y subs id i a ry  

manufacturers . 
S l e e t  metal  and f a b r i c  a re  subjec ted  t o  t e n s i l e  t e s t s .  Rods 

a r e  b a l l - t e s t e d  and tubes ai?d wood uiidergo compression t e s t s .  

O f  course,  rods,  wood, ai?$ tubes occas iona l ly  undergo te i?s i le  

t e s t s ,  b u t  ma te r i a l s  bought i n  l a r g e  q u a n t i t i e s  must be checked 

i n  a cheap and simple iiiamer. Large d e l i v e r i e s  of plywood a r e  

l i g h t - t e s t e d  wi th  powerful laxps. 

ed. I n  the case o f  wood, a sample from each plank i s  t e s t e d  by 

compression. Wood, which y i e l c k  l i t t l e  waste,  can be  t e s t e d  a t  

Only samples a r e  machine t e s t -  

smaller  cos t ,  s ince l e s s  raw n a t e r i a l  i s  then r equ i r ed  f o r  an 

equal  number o f  f i n i s h e d  p a r t s .  The c o s t  of  nea r ly  a l l  materi-  1 

a l s  i s  a f f e c t e d  by s e v e r a l  f a c t o r s .  

Sheet metal  and plywood cai? be compared only pe r  u n i t  of 
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area ,  t h e  c o e f f i c i e n t s  o f  s t rength  and e l a s t i c i t y  and t h e  methods 

of  assembly be iag  taken i n t o  cons idera t ion .  Sheet brass i s  t h e  

most expensive alnd c&ii be obtained oilly ii? snall p l a t e s .  It  i s  

used. i n  tank cons t ruc t ion  aiid assembled by so lde r ing  and r i v e t -  

ing .  Duralw-iin;, which i s  cheaper than Brass, can be obta ined  

i n  very l a r g e  p l a t e s  o r  shee t s  of 1 iilill (0.04 i n . )  o r  more i n  

thickness .  

Owing t o  i t s  low s p e c i f i c  grav i ty ,  i t s  th ickness  can 'r3e e a s i l y  

increased ,  thus a f l o r d i n g  s u f f i c i e n t  l o c e l  s t r e n g t h  f o r  cowlings, 

e t c .  Aluizi i -num a l s o  has good welding p r o p e r t i e s  and is a,va.ilabl.e 

i n  very l a r g e  shee ts .  Sheet s t e e l  i s  the  ckeapest o f  all sheet 

metal  and i t s  p r i c e  i s  j e a t e n  only by plyrrrood, 

t h i n  plyvood xfid e l e k t r o n  per  uiiit weight i s  very high, due t o  

t h e  c o s t  of production which ixc reases  with decreas ixg  thicki iess  

of  the  shee t s .  

I t  can only be  r ive t ed ,  while  e lek t ro i i  can be welded. 

The c o s t  of very 

According t o  F i g n e  3, all. th i iw-ra l led  t ~ i h e s  of sinall diam- 

e t e r  a r e  q u i t e  ex-ens ive .  S t a t i c a l l y  e q u i - J d e c t  open s e c t i o n s  

a r e  ZO$ heavier  but nea r ly  SO$ cheaper. E n a l l  open s e c t i o n s  are 

t h e r e f o r e  g iven  p r e f e r e x e ,  ivhe2 t h e  c o s t  of t he  s p e c i a l  t o o l  

equipment f o r  t h e i r  assem5ly i s  warranted by -the l a r g e  ilWiiii3er of 

p i e c e s ,  e s p e c i a l l y  f o r  wing riSs. Large open sec t ions  i n  d.nal- 

u a i n  cons t ruc t ion  of  f e r  t h e  double advaxtase of lot7 c o s t  and 

conve;iient r i v e t i n g .  
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S t r u c t u r a l  P a r t s  

a) Wing s t r u c t u r e ,  f i t - t i n r ; s ,  spars, r ibs ,  struts,  e t 5  

Cant i lever  wings versus  braced _I b ip lane  wings.- From the  f i t t i n g s ,  

s t ruts ,  bracings,  spars, r ibs,  e t c . ,  the  i n v e s t i g a t i o n  of t h e  

c o s t  of production i s  extended t o  t h e  whole wing. 

o f  years  many forms have been evolved f o r  the  sane f i t t i n g s .  

In  t h e  courGe 
I 

A 

c e r t a i i l  s tandard iza t ion  has gradual ly  developed. The use o f  es-  

p e c i a l l y  high-grade ma te r i a l s  i s  o f  no advantage, s ince  t h e  ;le- 

c e s s i t y  o f  maintaining low crushiilg and s u p e r f i c i a l  p r e s s u r e s  

seldom p e r n i t  any saving i n  weight. 

s e c t i o n  f o r  the  absorp t ion  of t he  f o r c e s  inust be provided a t  the  

lowest poss ib l c  cos t .  

milled f i t t i i?gS than i n  composite shee t -ne ta l  f i t t i r \ -g s .  

i t  i s  no t  alwaays poss ib l e  t o  make complicated f i t t i i l g s  f r o m  a 

s i n g l e  p iece .  

means of  economically producing c losed  hollow bodies  w i t h  t h e i r  

g r e a t  s t r u c t u r a l  advantages. A s  a r u l e ,  f i t t i n g s  proper ly  asserfl- 

b l e d  from welded sheet-metal p a r t s  a r e  the  cheapest  and l i g h t e s t .  

The use o f  weldable chrome-molybdenum sheet s t e c l  with ifis g r e a t  

seam s t r e n g t h  of 65 kg/mr.i2 (92,450 l b . / s q . f t . )  i s  p a r t i c u l a r l y  

I 
I n  each case a c e r t a i n  c r o s s  

There i s  more waste i n  making turned and 

Besides,  

I Welding o f  shect-metal parts i s  the  only p o s s i b l e  

d e s i r a b l e  i n  t h i s  case.  

Riveted duralumin f i t t i n g s  a r e  seldom l i g h t e r .  Weldable 

sheet  s’Geel i s  about as s-troxg a s  r e f i n e d  l i g h t  metals ,  but t h r e e  

t i m e s  as heavy. The edges of welded shee t s  a r e  fused toge the r  

by welding wire ,  while the  edges of r i v e t e d  s h e e t s  Overlap one 
c 
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a-no-ther. 

r i v e t  ho le s  aust be kept within c e r t a i n  l ia i ts ,  the  weight of 

r i v e t e d  j p i n t s  i.s o f t e n  increased t o  such an ex ten t  by %he over- 

lapping that  the  use of  welded s t e e l  saves weight,  especiFzLly 

f o r  c losed p a r t s ,  

Inasnuch as the crushing pressure on the  f ace  of t he  

Xearly all a i rp l anes  have more o r  l e s s  sirnil,- wing ribs. 

I n  tapered wings, on ly  two ribs a r e  always unchanged. In  Germaxy 

wooden ribs usual ly  c o n s i s t  of plywood webs w i t h  glued and na i l ed  

flanges. Twelve t o  e ighteen ribs a - e  simultaneously cu t  from 

plywood and quickly assembled, the f langes  be ing  put  i n  j i g s  

and the webs glued under pressure,  Af te r  1 2  hours the  ribs are 

f i n i s h e d  and, i f  :iecessary, l i g h t l y  nai led.  Severel  j i g s  a re  

requi red  f o r  l e t t i n g  the glue dry. Hence i t  i s  oc2.y a small 

s t e p  f r o n  t h e  nxnber of j i g s  required f o r  the  c u t t i n g  of  plprood 

vebs and the  gluing of ribs vrith uniform chord t o  the  g r e a t e r  

iimlber o f  j i g s  f o r  tapered wings. These cl)~idi-ti.ons d i f f e r  f r o n  

those  of du7alullliii r ibs ,  w!iich a re  zsseriibld-, d r i l l e d  and r i v e t -  

ed i r ,  one and the same j i g .  A grea t  ilunber of  ri3s can be  made 

iil a very s h o r t  time with a s ingle  mc5i:x,  which, 'iiowver, i s  

usua l ly  very expeiisive. TapeTed metal  vir&gs a r e  the re fo re  l e s s  

common than  wooden ones. Thix-walled velded txbu1,ar s t e e l  ribs 

have been successfu l ly  used i n  an a i rp l ane  type of  which only a 

few were bu i l t .  N r a l u L i i n  ribs a r e  used i n  l a r g e  Engl ish and 

American f l y i n g  boats  a,nd a r e  very expensive. Even w i t h  good 

fiilachines the  cos t  of laSor f o r  a l l  r ib types i s  very high. It 
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can be reduced oi>ly b y  fur tney  incx'easi;ig tke  c o s t  of the '  t o o l  

eq-Apnent. 

t he  production o? ribs f o r  differe:>t a i r c r a f t  f a c t o r i e s .  

U sec t ions  a r e  used, the  hard-soldered j o i n t s  be ing  xade O i l  

s p e c i a l  nachines. Cheap n a t e r i a l  i s  thus nachin'ed w i t h  a m i x i -  

A f ac to ry  i n  the  Ui-_ited S t a t e s  ~ O T T  s p e c i a l i z e s  i n  

S t e e l  

ixum c o s t  of la laor .  The absence o f  s t r a p s  and r i v e t s ,  wi th  the  

weakeRir-g holes,  p a r t l y  corqensates  €o r  the  gzea te r  weight of 

s t e e l  as compared with l i g h t  n e t a l s .  

be  achieved by g rea t e r  s t re i lgth o f  i-naterial. This method de- 

s e rves  se r ious  consider2t ion,  e-espi te  the d i f f i c u l t y  of  p r o t e c t -  

i n g  thi:i-malled ribs from C o ~ ~ o s i o i ? .  

g r e a t l y  reduces 'Lie s t r e n g t h  o f  t h i n  walls. Tkin, stamped s t e e l  

o r  duralumin ribs a r e  u s u a l l y  heavier  than tubu la r  o r  U sec- 

t i o n  ribs, Dwiilg; t o  t h e  l e s s  favorable  c r o s s  sec t ions .  

r ibs ,  e s p e c i a l l y  w i t h  s h o r t  ckords,  can be produced i n  l a r g e  

nuiiibers more cheaply than U s e c t i o n  o r  tubular  ribs of t h e  

s aae mater i a1 . 
The s rac ing  of the  ribs, which v a r i e s ,  i n  prac';ice, betweeii 

20 m d  40 ciii (7 .87 and 15.75 i n . )  i s  o f  ooi%i5erable importance. 

O x  stronc; rib i s  a o t  only much cheaper,  but also l i g h t e r  than 

two weak ribs. 

ed wings f o r  high speeds. Tnc c o s t  of fabric covering, sewed 

t o  a g rea t e r  number o f  r ibs,  i s  thereby increased.  I t  i s  a,pprox- 

imately 205 of the c o s t  of a woodeil wing. The Cost of t h e  fabric 

covering of a \:ring with nany f i t t i n g s ,  i n s p e c t i o n  flaps,  end r ibg 

This compensation can a l s o  

Even a very l i t t l e  rust 

Stamped 

k n o w e r  Gpacing should :;e used on heavi ly  lond-  
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tank openi:,.,gs, e tc . ,  increases  approximately i n  propor t ion  t o  

t he  cos t  of the  ving. It has been fouad iiiore expensive t o  f i t  

f a b r i c  on open n e t a l  sec t ions  than o n  woode-n ribs, sharp edges 

which chafe the seams having t o  be avoided. This d i f f i c u l t y  i s  

overcome 5y us iag  t u b u l m  i5bs. 

A d i s t i n c t i o n  a u s t  Se nade between the  spa r s  of  c a n t i l e v e r  

wilzgs a:cd those of ex te rna l ly  braced vings.  The fla-nge thick-  

ness  of c a n t i l e v e r  wings xust  be g r e a t l y  increased  toaard the  

r o o t  on account of  the  g r e a t  bending niomeilt. Other wizgs may 

have f l anges  of uniforrii sec t ion  running t o  t he  outer  j o in t '  with- 

out excessively increas ing  the weight. Similar  cons idera t ions  

apply t o  the  web, which works i n  shear .  The c r o s s  sectiolzs i n  

Figure 5 a r e  now used i n  wood construct ion.  Flanges have rec-  

t a n g u l u  sect ioi ls  and ar'e ilot l ightened.  

usuall-y of l e s s  he ig>t ,  c ross  s e c t i o m  other  than rec tangular  

a r e  avoided. I t  i s  o f t e n  a mistake t o  t r y  t o  save weight by us- 

i n g  s-pars of t he  type of Figure 5. Tyro ex tens ive ly  used types 

of metal  spa r s  a r e  shown i n  Figure 6. 

D e n  for the  r e a r  spar,  

Many kinds of s t r u t s  were formerly ;;lade. S t r u t s  a r e  com- 

I '  

pres s ion  members, for which the modulus of e l a s t i c i t y  of t he  na- 

t e r i a l  i s  even nore important than the  compressive s t rength .  

This has gradual ly  l e d  t o  a s tandard iza t ion ,  i n  mhich high-grade 

chrome-nickel-steel sthits are being supplanted by s tandard 

weldable-s tee l  s t r u t s .  Wooden struts seem t o  be  d e f i n i t e l y  elim- 

inated.  Duraluciin s t r u t s  ?,re used occasional ly .  Chrome-nickel- 
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s t e e l  s t r u t s  2i-e no-z used only i n  tlie c i r c u l a r  form. They a r e  

u s u a l l y  fa i red  t o  YeZuce drag and pyovided with heads c u t  f rom 

t h e  s o l i d .  !"ubes, heads ar,d f a i r i n g s  a re  q u i t e  expensive. In 

many cases  thin-walled tubes a rc  e a s i l y  dented. The d i f f i c u l  I;:' 
oi@ f i -t.- l i n g  t h e  l;ead i n  a m t e r - t i g h t  rr,anier o f f e r s  t he  dailgez ;;f 

i n t e r n a l  corrosioin of  tile tlniil i ~ z l l .  C~ i rone -~~ icke l - s t ce l  s t r u t s  

a r e  the re fo re  seldom used. CarSo:i-steel - tujes  n e  e i t h e r  c i r -  

c u l a r  and f a i r e d  or  Cram s t r e m l i n c d  without f a i r i n g .  Fa i red  

c i r c u l a r  tu'acs ore  ;:early as heavy as s t re?ml ined  tubes without  

f a i r i n g .  The l z . . t t c r  have, however, a siazller drag f o r  p r a c t i -  

c a l l y  t h e  same s t r e n g t h  and weight. I t  i s  a l s o  e@er and c h e a p  

e r  t o  weld a water- t ight  head OR sirearnlined s t r u t s  than on c i r -  

c u l a r  ones. S t reanl ined  s t ruts  are cheaper, owing t o  t h e  a'.- 

sence o f  f a i r iDgs  and t o  t ke  SiiyApler head. 

Struts  usually have a f ixed  welded hmd with f o r k  o r  eye 

j o i n t  311 one end and a threadec? socket  on t h e  o t h e r ,  carryi i lg  

a d j u s t a b l e  f o r k s ,  eye o r  b a l l  j o i n t o  ivri : i iCh a r e  the most ex-peii- 
.* ~ 

s i v e  ki i ld .  F o i k s  with un ive r sa l  j o i n t s  can c z s i l y  be  iiinde in- 

terchanqeable by mems o f  gauges. Sall--tv.rni:7g la thes  a rc  pro- 

vidcct. f o r  b a l l s  and b a l l  s e a t s ,  bu t  they c?o not i n su re  abso lu te  

roundness. It i s  p a r t i c u l a r l y  d i f l ' i c u l t  mil e;rpeiir;ivc t o  check 

tlie sphe r i ca l  p a r t  es-pocia.lly since KO sta:zd-.isc!izcd t o o l s  niid 

gauges a r c  ava i l ab le  as f o r  b o l t s  mcl. bores. 

The contiiluous wing o f  a c a n t i l e v e r  higb-v:ing rilonoplme i s  

u s u a l l y  secured  t o  t h e  fuselace by four f i t f , i i ~ i - ; G .  The spars rc- 
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qu i re  no coniiections f o r  s t r u t s  aEd bracings,  no ning-root r ibs,  

but only a i le2on hinges and bent o u t e r  edges. Wixgs made i n  

seve ra l  s ec t ions  a re  more expensive. The cos'c i s  considera3ly 

increased  Sy ex te rna l  bracing,  which r equ i r e s  wing f i t t i x g s  

and s t i f f e n i n g  of t he  bottom fuselage f langes  and f i t t i n g s .  A 

comparison of the d i f f e r e n t  types of  cons t ruc t ion  shows that 

s t r u t s  enable  but  l i t t l e  weight red-uction OR cormercial  a i rp l anes .  

They do er_able, however, a valuable  uxiformity i n  the l eng th  of  

ribs axd spar  flaliges, espec ia l ly  of fabric-covered metal wings, 

s ince .uni form c a i t i l e v e r  wings cannot be used,  owing t o  t he  ex- 

cess ive  weight of the  spars.  

Struts a r e  j u s t i f i e d  on m i l i t a r y  a i rp l anes  by seve ra l  con- 

s ide ra t ions .  Twin s t ruts  a r e  o f t e n  used t o  i n su re  grea t  s t ruc -  

tural  s t r eng th ,  s t i f f n e s s  aild cornplete abseiice o f  v ib ra t ion ,  

e s p e c i a l l y  of thii l  wings. They guarantee full f l y i n g  . a b i l i t y  t o  

a i rp la i ies  a f t e r  the f a i l u r e  of any one 02 t h e i r  s t r u c t u r a l  p a r t s .  

Besides ,  more noney i s  ava i l ab le  f o r  n i l i t a r y  a i r p l a n e s  than  f o r  

cormiercia.1 xachiiies , 

Canti lever  'uiplaiies wi5h contiii:uoxs l o v e r  TyJiilg r equ i r e  fou r  

spars irzstead of  two y f o r  the  saxe t o t a l  w i  i1Q a-rea, the l eng th  

of these spars  considerably exceectirg th?>t of t h e  two t h i c k  spars 

of a monoplane. This i i lcreases the c o s t  of 1zbor s ince ,  rezard-  

l e s s  of  t L e  f lange th ickness ,  t h e  spars r?.ust 5 e  machined, glued 

and n a i l e d  throughout t h e i r  whole length,  as l i k e x i s e  the  fit- 

t i n g s  and b locks  for the  necessary outboard s t r u t ,  E e t a l  spars 
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Frca te r  length,  a,nd -then r i v e t e d  m d  provided w i t h  f i t t i n g s .  

Four bent  biplpne ec!,-es are ;;lore e,-.-pe:isive than thc trvo edges 

of tile corresponding Iiloi~opltXIc. The s m e  i s  t r u e  of the four 

a i l e r o j l s  with the iy  hinges an6 co;ltro1s. 
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weakei s p a r s  o f  the same length.  The cos t  o f  confiecting s ingle-  

spar  wings w i t h  the  fuse lage  might be reduced by f u r t h e r  improv- 

i n g  the  r,iethods of  construct ion.  The same a p p l i e s  t o  t h e  assem- 

S l i n g  of r ibs and connecting menbers. 

A c a c t i l e v e r  monoplane i s  cheaper than a b ip l ane  of  equal  

wing area .  B o t h  the  c o s t  of the wing and the  c o s t  of  t he  fuse- 

l a g e  a r e  smaller .  The loxer  wing of a b ip lane  mist  a l s o  be  se- 

cured t o  t h e  fuselage.  Eight f i t t i n g s  a re  always more expensive 

t h m  four twice-as-strong f i t t i n g s .  Biplane s t ruts  and b rac ings  

must a l s o  be  manufactured. 

s p e c i a l  s t i f f e n i n g s  t o  take the s t r e s s e s  of  t he  l i f t  wires .  

Their c o s t  i s  thereby increased and reaches tha t  of  the b e n t  bot-  

tom f l a n g e s  o f  c a n t i l e v e r  b ip lanes ,  u s u a l l y  r equ i r ed  f o r  moun-t- 

i n g  the lomer wing. 

Braced-biplane fuse l eges  r e q u i r e  

These cons idera t ions  apply t o  fa3ric-covered l igh t -meta l  

wings as we l l  as t o  wooden wings. According t o  the  type of  con- 

s t r u c t i o n  aild t o o l  equipment, n e t a l  edges, wing r i b  formers,  

f i t t i i l g s ,  b rac ings ,  e t c .  a r e ,  on the  whole, more expensive than 

wooden ones. Fabric-covered metal wings produced i n  l a r g e  i lu~i -  

b e r s  by stamping and p res s ing  are cheaper than wooden wing@. 

The d i f f e r e n c e  betmeen the c o s t  o f  car i t i lever  monoplanes Zild 

braced b i p l a n e s  again becones a-pparent when equal  numbers a r e  

b u i l t  with t h e  sane t o o l  equipment. Sheet-neta.1 covering i s  

always nore expensive and heavier than  f a b r i c  covering. All- 

metal  b i p l a n e s  a r e  a lmost  unknown. They would be except iona l ly  
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ex$eic?sive. The $- i f ferenee be'cveeii t he  cos t  of fabric-covered 

metal and 1modeii mingb may ke  exprecsed .zs  f o l l o m s .  Considering 

t h e  naste,  d.nclumi:i i n  z i n g  cons t ruc t ion  i s  50 t o  l O C $  nore ex- 

peiisive thm vood wi th  steel. f i t t i n c s .  The c o s t  3f steel p a r t s  

i s  no greFdter than t h a t  of  wood wi th  s t e e l  f i t t i n g s .  Very goo6 

t o o l  eqdipi:!e:l-i;a a r e  iT.ecen,sary t o  keep t!ie c o s t  o f  labor for metal 

a i n z s  at t k e  sane l e v e l  as that f o r  noodeil v ings .  General ex- 

penses a l e  i 7 ~ i t ~ 1 ~ a l l - y  increased b y  such i n s % a l l a t i o n s .  Afiy re-  

duct ion ii? tlie cost of  production n e c e s s i t a t e s  an increase  i n  

the  c o s t  o f  the t o o l  equipment. 

Iktul .  i s  cheaper thnn waod-, ivhen' 200 to 400 n i rp l anes  o f  

simple cons tn i c t ion  ?re b u i l t  n i  t h  a p a T t i c u l a r l y  well-designed 

t o o l  equipl*ei?t ,  i~otT"ii thSt~,~nding t:ic l o n  p r i c e  o f  -tile raw l a t e -  

r i a l ,  t h c  f i n d  cos t  o f  ,lic;h-gade z t c e l  equa,Ls tha t  of  duralu- 

m i i i  01: account of C;rez'cG:r r.a,cliiniq c::peiise. ::as:: production 

may also greatly rectuce t h e  cos t  of wJoden wings. In  s e r i e s  o f  

tvreri$y, t h e  fr&i.ic coveri-rig anov.nts .to z-Jout z q i  of  -;he c o s t  of 

W O O c ? C i I  *;rii?E;s n;id a t  ].east as l a r g e  a p o r t i o n  o f  t h ~  cos t  of fiictal 

vrings. 
b 

The z'cove cons idera t  io i l s  account f Qr the populnri  t y  o f  high- 

wing ~Ao11o~)l~ti1t>s v s i t i i  tnpei.ed cFi1tilcver vipss o r  with braced 

rec'i,nngulnr PiJiRgs for c o r m c r c i d  purposes ,  cs;jccially of t h e  ' 

s r i i ~ l l  Axlericail t y p c s .  The Klcrxv-Dxir?.ler i s  a t y p i c n l  Gerrmn air-  

plaizc, :v:i5xll i o   no?^ s e l l i m ;  we!.l. Tllc B r i t i  di Siimilonds "Spar ' ~ R n l ~  

b ip lane  represents  a, very in te rcs t i : ig  a t te f ip t  t o  redme tke  c o s t  
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(Fig.  7). This i s  a r i v a l  of the  De Havilland IIMoth. It The up- 

pe r  and lower wings of  the llSpaxtanll a r e  a l i k e .  The l i f t  wi res  

and landing wires  a r e  of t he  same l eng th  and therefore  i n t e r -  

changeable. The f o u r  a i l e r o n s  are  a l i k e .  The s t r u t  f i t t i n g s  

a r e  more expensive. The cos t  of t h i s  type i s  t o  be fu r the r  re-  

duced by stamping nunerous i d e n t i c a l  pa r t s .  The reduct ion w i l l  

be a c t u a l l y  achieved, i f  t he  type sells as we l l  as the De Havil- 

l and  lf1,Toth. If 

According t o  t h e  above considerat ions,  however, no p r i c e  

reduct ion  can be e f f ec t ed  comparable with t h a t  f o r  high-wing 

monoplanes wi th  con t imous  can t i l eve r  wings b u i l t  i n  the  same 

mmbers. In add i t ion  t o  these i-easons, t he re  i s  ailother funda- 

mental one that monoplanes' have higher  wing loadings and hence 

smaller  wing areas .  This i s  due t o  the  o r d i n a r i l y  g rea t e r  l i f t  

c o e f f i c i e n t  of  monoplanes. 

Bip lanes  exh ib i t  nany va r i a t ions .  TheiY h i s t o r i c a l  devel- 

opment i s  a gradual  t r a n s i t i o n  from o l d  and sometines very ex- 

pensive types t o  cheaper s t r u c t u r a l  types.  Three t y p i c a l  air- 

p lanes  a r e  compared i n  Figures 8-10. The s t r e s s c s  aiid l eng ths  

a r e  given for f l i g h t  case A ,  a weight of 1000 kg (2205 Yo.) and 

a spafi of 10 n (32.8 f t . )  being assumed f o r  the  ca l cu la t ion .  

A comparison c a i  be made oil t h i s  basis. 

S ing le - f i e ld ' b rac ing  i s  always dieape2 than two-field brac- 

ing. When wing sec t ions  with f ixed C.G. a r e  used,  the  Sum of 

the  f o r c e s  i n  the  f r o n t  and kear f i e l d s  of t he  two-field brac ing  



case  A ,  b u t  i n  a l l  caseg. The s t z e s s e s  iil t h e  r e a -  f i e ld -  of 

Mart i n  the  case of a t r a v e l i c g  2 .P .  Concentration of t h e  s in-  

g l e - f i c ld  bracing iii a s i n g l c  fic1.d u i t h  two spa r s  enables  a 

s i r i - c l i f i ca t ion  of  the f i t t i n g s ,  pi'ovidec? the  7,;iings z r e  s t a g p r e d ,  

reducing t h e  forccs iii thc  p lane  of  tlic iJri:ig y ic l r?s  no apprcci-  

a b l e  r e s u l t .  P l y o o d  covering i s  ofteil.  sdocti-i;u+,cd f o r  i n t e r n a l  

brac ing ,  thc f orinci' Us11cL1~y CTOSS s cc t i  on. 

e r  fuse lage  longeron. Thc c o s t  an3 -.rcicizt o f  t hc  n i i q  a t t ach -  

ments a r c  iiicreascd b y  t h e  dJseiice of r i g h t  a . n g l c ~ ,  thc  f o r c c s  

i n  t3c fi'i;ti;lgs and i n  the  l i f t  i r i re  j e i n g  ii-sually a l i t t l e  

g r e a t e r .  

A coiitiiiuous upper wiilg i s  c h e w e r  tllail a two-part wing, 

the l a t t e r  be ing  in i t s  turii c;iexper th.nn a three-par t  wins. 

Tile c o s t  i s  f u r t h e r  iilcret3,ZeCi by p i n  jo i r i t s  (Gerber hipses)  f o r  

three-par t  upper w i ~ g s .  Tlic Udet Flnr,iiyl_po (F ig .  8 )  hac such a 

p i n  j o i n t .  Its s t r e s n e s  and be%iiiiz i;ioiiients a r e  1:iuch sxall-er 

than  those o f  the Czspar ' I C  32" ( F i g .  9 ) .  The v i n g  weight of t he  



Flsmi-ngo i s  a l i t t l e  sirzaller thazi that  of t he  IIC 32 , "  t he  u l t i -  

mate load being  xcar ly  the  saxe (v ing  loading illi-izus wing weight 

i i u l t i p l i e d  b y  u l t ima te  load f a c t o r ) .  

Z o s t  a-ild i n  weight might have been e f f e c t e d  by e l imina t ing  the  

sneepback o f  both wings, by iricreasi-ig the  d i h e d r a l  aiigle of 

t h e  lower l-ri'ilg and completely e l i n i n a t i n g  t h a t  o f  the  upper wing 

and by ziakinc the  l a t t e r  coi~tii1uous. Data subsequently c o l l e c t -  

ed by the author show that the f l i g h t  c h a r a c t e r i s t i c s  a r e  not  

impaired. I n s t a l l i n g  a cabaile o r  t h e  ce i l t r a l  sec t io l i  reduces 

t h e  r e q u i s i t e  ilu-x'aer of  f i t t i n g s  aild inc reases  the  s t r e s s e s  azd 

bending nomnents. I n  t h e  case of a continuo-i7.s upper wiilg, how- 

e v m ,  a e  renainii lg f i t t i r _ g s  then have t o  tra.i?si.nit i n  a d d i t i o n  

t o  the  ilormal f o r c e s ,  only -the tangen-bin1 f o r c e s  a r i s i n g  f r o m  

t h e  ailei-on momeiit about t h e  v e r t i c a l  a x i s  and a r e  the re fo re  

very  l i g h t  aEd inexpeasive.  

no nore than  one v i t h  a ce i l t ra l  sec t ion ,  provided the  i n s t a l l a -  

t i o n  of -the ca,bane i s  f a c i l i t a t e d  by  the  f m c l n g e ,  2nd. t h e  wing 

i s  t h i c k  enollgh t o  afford room f o r  s u f f i c i e n t l y  s t rong  spars. 

The c o s t  may be f u r t h e r  reduced by s ing le - f i e ld  bracing.  

A fur ther  reCuction i n  

*?  

AE a i rp l ane  with a cabane may w i g h  

Experience with monoplanes sho~fs  that  r o o t  bendiiilg moyfleiits 

a r e  s l i g h t l y  red-uced and drag iizoi'ile-r;tS g r e a t l y  iilCrca3ed by taper-  

i n g  the wiur.gs. 

s t r e s s e s  i n  tlie '0raci.q and spars, with the spar sec t ions  in- 

c r eas ing  toyard -;;le 17j.n~ r o o t .  A t  the  sc"ir.e tiiile the  strut i s  

s h i f t e d  s l i g h t l y  i iward;  t he  braciilg angles are b e t t e r ;  the 

111 t h e  case of b ip lanes  t h i s  would n e m  s n a l l e r  
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l e n g t h  o f  thc t e n t  p o r t i o n  of  t he  upper wing and of  the b rac ing  

wires  i s  less; and t h c  f o r c e s  on thc: outboard s t rut  a r e  srnnl!.er 

(Sasp3x IrC 35," Fig* 1 0 ) .  Tile f u e l  i s  c a r r i e d  i n  the  upper ming. 

This wing has i? s p e c i f i c  weight of  7.5 kg/in2 (1.53 lb./sq.ft.) 

and i s  o m  o f  the l i g h t e s t  types o f  t h i s  s i z e .  It  rmst, however, 

be made o f  wood, s ince  iiicta1 ribs znd spa r s  mould be t o o  expen- 

s i v e .  Ii? a twin-strut  single-engine biplane t h e  stresses aild 

ber,ding noiiients are never so  much that  i t  Gail be  imde l i g h t e r  

than  a s i i lz le -s t ru t  3 i ?k i?e ,  unless a? except iona l ly  t h i n  sec- 

t i o i l  i s  used. By c7,oubling the number o f  j o i n t s  and. e x t e r m 1  

brncii igs,  t:ie advantage o f  sninll  c t r e s c e s  i s  out!-reighed, and 

the c o s t  of the ving i s  coiTsiderably increascd.  The drag i s  

a1 s o  iinc r e 3': ec? . 
b) Cor_ti:ol suxf%ces .- ???-e above concidernt ions caii be  ex- 

tended to the con t ro l  sil.rfc7,ces. TiLC hoyizontzl  ern-pemage o f  

l a r g e  a i rp lanes  i s  o f t e n  a o  l a r g e  a E  the  7:Jiiig of a small a i r p l a n e ,  

but d i f f e r s  i n  oiie ifilportnilt p o i n t .  Tle m x b c r  o f  ribs which 

caii be n ~ d e  a l i k e  i s  very sm.ll. F r u i t l e s s  a-t'ieillpts t o  use  l i k e  

r ibs  i n  the hor i zon ta l  n ~ d  v e r t i c a l  t a i l  surfaces have ofte;i 

been made. Hence p r e f e r e x e  i s  given s t r u c t u r a l  elements vhich 

y i e l d  the  greatest, v a r i e t y  o f  forms with the  fewes t  tools. Thif i -  

wal led,  weldable s t c c l  tuben [are p a r t i c u l a r l y  s u i t a b l e  f o r  this 

purpose, Cheap m l d e r e d  steel s e c t i o n s  f o r  r i b s ,  capable o f  be- 

ing used f o r  wings, csn;iot be used for coi l t rol  sc r faces .  The 

ques t ion  of monoplam o r  biplsi?c c o n t r o l s  i s  oubject t o  t he  sane 
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cons ide ra t ions  as t h a t  of monoglane and b ip l ane  wings. 

p i ece  s t a b i l i z e r ,  l i k e  a contiiiuous v i r g ,  i s  cheaper than a d i -  

vided one. 

A oiie- 

I t  i s  very d i f f i c u l t  t o  prevent urhraced s t z b i l i z -  

e r s  from v i b r a t i n g .  The f i n s  a re  usua l ly  braced .  A s t a b i l i z e r -  

adjustment device r e q u i r e s  many good j o i n t s  t o  prevent  v i b r  a t '  1on. 

I t  i s  o f t e n  endeavored t o  replace adjustab1.e s t a b i l i z e r s  on l a r g e  

a i r p l a n e s  by ad jus t ab le  a u x i l i a r y  coii'crols o r  sp r ing  b e l  ancers .  

The c o s t  i s  a l s o  reduced by the consequent l i g h t e n i n g .  

Rudders a r e  u s u a l l y  made of s t e e l  tubing wi th  fabric cover- 

i ng ,  duralumin w i t h  f a b r i c  covering, o r  all-duralumin. Tne edge 

g r e a t l y  a f f e c t s  t he  c o s t  and weight. Rudders with mis  s h i f t e d  

backward have a s h o r t e r  b e a t  edge thaii those with a u x i l i a r y  bal- 

anc ing - su r faces .  

of smaller  torque end simpler form. 

rudders  a r e  a1w;tys c5ea;per tha-rl t he  t n o  o the r  tTy-pes. 

due t o  t h e  f a c t  that eve11 very s;liall s t e e l  t ubes  a r e  no rnore ex- 

pensive than durelu;;iin-. Tubes o f  d i f f e re i i t  s i z e s  a r e  on t h e  

The foriiier a r e  l i g h t e r  aiid cheaper on accouilt 

Fz-bric-covered s teel- tubing 

This i s  

market and can Se s e l e c t e d  according t o  the  s t r e s s  condi t ions .  

The t o o l  equipne-n-t i s  also cheap. 

s t r e n g t h  i s  g r e a t e r  than  that  of opeil s ec t ions ,  while t h e  sur- 

f a c e  t o  :>e coated i s  s n a l l e r .  

cheap. 

m e  buckl ing m d  grippir,g 

Welded coimections a r e  li@it and 

Round tubes do not chafe seans,  as open n e t a l  s e c t i o n s  

e a s i l y  do. Only a few s i z e s  of duralumin tubes  of s n a l l  diame- 

t e r  are ava i l ab le .  Their t o r s iona l  s t i f f n e s s  i s  much sr ia l lcr  

than t h a t  of s t e e l  tubes ,  owing t o  t h e i r  small niodulus of c l a s t i c -  
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i t y .  The end connections ?,re expensive and heavy. Fabric- 

covered rudders made o f  duralwiil? s ec t ions  and shee t  are ra.t!ier 

heavy, u s i d l y  Leavier thil all-duralumin rudders ,  s ince  J l  clie 

buckl ing and grippiiig st;.ength of open s e c t i o n s  i s  snial'P and 

t h e i r  coated curface large. Eiiveted j o i n t s  r e q u i r e  ample flaiyps 

w i t n  edges and more weight.  All-duraluLiin rudders  a r e  hollow. 

Their c los ing  r e q u i r e s  much vork aid- considerable  v e i @ t .  HOD-- 

ever ,  being hol.low, they Lave g r e a t  t o r s i o n a l  and bending s t i f f -  

ness ,  ever! w i t h  t h i E  walls, aild are theref'ore l i g h t e r  than  f ab r i c -  

co-v-med duralur,iin rudder3.  Bcsides ,  the  l a r g e  c r o s s  s e c t i o n s  re- 

qu i red  by  the  l a t t e r  have unfavorable skapes and- cannot form 

t h e  covering. 

c )  Fuseli7,Ke .- We s h a l l  coi;sider four  fuse l age  types,  name-. 

l y ,  plywood, welded and r i v e t e d  fab-ic-covered s t ee l - tub ing ,  and 

all-dural-unin fuse lages .  The four Cypes a r e  compared oil t he  

basis o f  the cost  p e r  u n i t  area, the  a i r p l a n e s  beiiig approxirmte- 

l y  o f  t he  same s ize .  The c o s t  i n c r e a s e s  with inc reas ing  r : izc.  

Two essent ia l - ly  d i f f e r e n t  met!liods are used- i n  ply-woocl fuoe- 

asserdalecl on a s l i p ,  tliem the  longerons itre f i t t e d  ii? an;! t he  

a r e  then connected by the  bottom and t o p  an,l  -the fuse lage  i s  
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completcd by t ransverse  fraines, s e a t s ,  c t c ,  Dis method i s  

cheaper when proper ly  adapted t o  t h e  design. 

l a g e  of  s p o r t  a i r p l a n e s  i s  a sir'iple type b u i l t  along these  l i n e s .  

S t r u t s  a r e  now Generally used i n  fabric-covered s t ee l - tub ing  

fuse l ages  without wire  b r m i a g .  , This i:ietkod i s  s l i g h t l y  cheaper,  

but i t s  ch ie f  advaiitage i s  iiicreaoed StiZi'iiess. The u s u a l l y  

The cheapest fuse- 

f l a t  top i s  .assei-:ibled i n  the  inver ted  p o s i t i o n ,  t he  l a t e r a l  struc- 

t u r e s  a r e  s e t  up and assembled by  rlieans o f  t h e  bottorii f l ange  avld 

members. Af te r  assei-Ibling i n t e r n a l  struts sild f i t t i n g s ,  t h e  

whole s t r u c t u r e  i s  welded together .  T1e q u a l i t y  o f  t he  welding 

depends on the  quickness o f  the process.  P iece  work i s  there-  

f o l e  exkensively er-iployed. The 7velc?iizg of a semi, however, i s  

a slow process .  A saving of  labor by using i:iecl?anical melding 

equipment r e q u i r e s  much t o o  expeiisive i n s t a l l a t i o n s ,  owing t o  

the great v a r i e t y  and complexity o f  t h e  welded j o i n t s .  

t o  another  method the  ends of t l e  t . v - 5 ~ ~  are pressed  i i i t o  cquare 

According . .  

s e c t i o n s  and bu t t - r ive t ed .*  The c o s t  o f  t h i s  m t h o d  i s  gyea t ly  

reduced by doing the  work 011 nass product ion Tines.  3 0 t h  types  

of c o n s t r u c t i o n  are fabric-covered. Such fuse l age  types a r e  iTOW 

a l s o  built o f  drawn square sec t ion  s t c c l  m d  c?uxalwnii? tubi:ig. 

The l a t t e r  c o s t s  e leven t o  tvelve tiiiies more and, i s  50% lib; i te r .  

Butt-riveti:?g makes no n a t e r i a l  dif i 'ereace.  

Shell-type f?iselages axe bu i l t  on frames. Open s e c t i o n s  

a r e  chexper than c losed  A sectioiis  and. e a s i e r  t o  assemble. 

Tney C a i ?  be S e t t e r  p ro t ec t ed  qpi-iist coi'i'osioii, ah ich  i s  par- t ic-  
*See Figure 193, page 455, o f  t h e  1929 Z c i t s c h r i f t  f tr  Flugtech- 
I- ---- ----- 

nik u.nd Idotor luf t sch i f fahr t .  
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u l a r l y  ixpor t an t  i n  hu l l s  and f l o a t s .  

e r i n g  i s  nore  thaE half t h e  labor.  Tile r e l n t i o n  between t i e  

p r i c e s  of shel l - type sn.d s tee l - tub ing  fuse l ages  i s  a f f e c t e d  by 

two f a c t o r s ,  t h e  f i r s t  o f  which i s  production. 

t he  welding time cannot be reduced. Besides ,  t h e  c u t t i n g  o f  

tubes t o  the  c o r r e c t  shape requi red  f o r  each ind iv idua l  connec- 

t i o n  cannot be m a t e r i a l l y  expedited by riiechanical means. 

d i f f e r s  from shee t  r i v e t i n g  methods, t he  c o s t  o f  which can be  

reduced below that  o f  a fabric-covered welded s tee l - tub ing  fuse- 

l a g e  by means o f  an adequate t o o l  equipment, provided a suff i -  

c i e n t  nwn5er o f  u n i t s  - between LOO and 200 - i s  produced. 

smaller f i g u r e  i s  f o r  cab in  and m i l i t a r y  fuse l ages  w i t h  many 

conrpartnents. The i n s t a l l a t i o n  of bulkheads, windows, doors ,  

traps, f l o o r s ,  wsu coveri-Jg, upliolstery,  luggage ne t s ,  p l a t e s ,  

instruments ,  e t c , ,  and t h  f i t t i n g  of  f a i r i n g s ,  p ipes ,  p u l l e y s ,  

tanks,  p i l o t s *  s e a t s ,  con t ro l s ,  switchboards, e t c . ,  i s  e a s i e r  

and chea.per i n  well-designed duralumin fuse l ages  than i n  s t e e l -  

tubing fuse lages  w i t h  s t r i p s ,  b r a c k e t s ,  e tc .  Hence, s tee l - tub ing  

fuselages w i l l  l o n g  be cheaper f o r  l a r g e  f r e i g h t  c a n i e r s  with 

few i n s t a l l a t i o n s .  T;le smooth s u r f a c e s  of  t h e  square tube ends 

and! straps of' r i v e t e d  s tee l - tub ing  fuse l agcs  g r e a t l y  f a c i l i t a t e  

asserfibling. 

s u f f i c i e n t l y  large number i s  profi-uced a t  a t ime,  

t i n g s  and General equipmeat, combined wi th  p rope r ly  equipped 

workshops,  t h i s  type o f  cons t ruc t ion  w i l l  remain super ior  t o  

a l l  o thers .  

The r i v e t i n g  of  t h e  cov- 

A s  shown above, 

This 

The 

This fuse l age  type i s  p a r t i c u l a r l y  cheap when a 

With good f i t-  

. 
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Hulls  and f l o a t s  a r c  nade o f  duralunin o r  wood. Vood ab- 

sorbs much water which sepa ra t e s  i t s  plywood l a y e r s ,  thus contin- 

ually r e q u i r i n g  ininor r e p a i r s .  The corrosion of  l i g h t  n e t a l s  

n e c e s s i t a t e s  f requent  inspec t ion .  Bent,  widely spaced f r a n e s  

g r e a t l y  i i x r e a a e  the c o s t .  -4 few s t rong  frames a r e  rmch che3"per 

and l i g h t e r  than s e v e r a l  l i g h t  frames. They enable the  use  o f  

s t rong  coverings which czn be iiiore e a s i l y  handled than very  t h i n  

coverings.  L i t t l e  a t t e n t i o n  i s  given the c o s t  o f  cons t ruc t ion  

of seaplane bodies,  due t o  the  d i f f i c u l t y  02 combining good take- 

o f f  and a l i g h t i n g  c h a r a c t e r i s t i c s ,  t he  former r e q u i r i n g  small. 

water r e s i s t a x e  aad spray production and! the  T a t t e r  adequate 

r e s i s t a i i ce  t o  stroilg rxlightiilg inpac ts .  Quadrangular o r  pentag- 

onal sectioiils w i t h  s t r a i g h t  walls and s l i g h t l y  curved decks give 

t h e  best r e s u l t s .  

spac ins  m e  qtl i te expensive. 

Water-tight r i v e t e d  s e m s  with short  r i v e t  

Experience shovrs that the asser-faly o f  ?ring and f u s e l a g e ,  

i n  which tke  1Futtcr i s  desigiied t o  f i t  i i l t o  t h e  top  o r  bo-Lton 

of a r ig id  w i n g ,  i s  very expensive. 

p l anes  t h e  Wiilg f i t s  i n t o  the  t o p  o f  t he  fusel,-,se. 

i i i c reases  t h e  weight and c o s t  without affordii lg any advantage. 

Braced and c a n t i l e v e r  b ip l anes  are l i k e v i c e  affected!  by t hese  

cons ide ra t ions .  E l e  cut-out €uselage p o r t i o n  desigiied for a 

ca i l t i l eve r  lower b ip l ane  v ing  i s  al1:iciys expensive,  and o f f  s e t s  

t h e  c o s t  of b rac ing  t o  a c e r t a i n  ex ten t .  Th2 c o s t  o f  t he  Coil- 

t r o l s  depends xiore tha,n the cos t  o f  any o ther  -92 r t  012 t h e i r  de- 

On cer ta i r_  high-rving mono- 

%is method 



sign.  The coi l t rol  p a r t s  i n  the p i l o t ’ s  cockpi t  a r e  nos t  ecoE0i;l- 

i c a l l y  made of s i l u z i n  o r  e l ek t ron  ctlstir?gs i n  s u f f i c i e n t l y  l a r g e  

numbers. The c o s t  o f  t he  c o n t r o l  t r a n s n i s s i o n  depends on the  

Rumbey o f  changes i n  d i r e c t i o n .  Cables and turabuckles  a r e  ~ u c h  

cheaper -t’nan roc?o, !irhen s t r s i g h t  transr,iiscions are run frorii t he  

c o n t r o l  s t i c k  o r  c o l u m ,  f o o t  l e v e r  o r  pedal ,  x i t h  only one ex- 

t e r n a l  pu l l ey  f o r  each a i l e r o n .  The c o s t  o f  s t e e l  rods aild wires  

i s  approxir:ic.tely the sane,  when: t he  iiuliiber of  p u l l e y s  wi th  brack- 

e t s  and s t i € f e x i n g s  a f f e c t s  the s t r c a c t h  of t he  t ransmission a i d  

increuses  i t s  f r i c t i o n  beyorid aCli;iissible l i r i i t s .  Duralilmin rods 

a r e  3lirTzys xore expensive Sut l i g h t e r  %hail zteG1 rods ,  si i ice all 

n e a m  o f  rcduciilg tile c o s t  of  t he  f o r n e r  also apply t o  t n e  1.atter. 
r-r ilie S o s t  ol the  C i L b i i l  depcnds on t h c  nu~l’ocr o f  s e a t s .  !Zed- 

e r n  lea-tncr c h a i r s  mith elcktroi l  f rams cos t  as i,iUCb as expen- 

s i v e  casy c h a i r s .  F;xxd t r i p l e x  wi;_lL?oT?s T-J i  t h  ! r id lass  rai E e l ’ s  

a r e  zlso expensive. A s  a r u l e  t h e r e  2s a vindow f o r  each s e a t .  

Nost of t:ic fu rn i sh ings  a rc  bou.@t O i l  t he  rmrket and included 

i n  the  m a t e r i a l  account. The c o s t  p i c e  of  t h e  standard-czbin 

equiprant  now xscd by the  Deutsche Lui t  H3.ilca, i s  -approximately 

550 marks p e r  s e a t ,  A l i k e  amo-int i a  r eqa i r ed  for labor ?Lid 

o t h c r  expe-- ’Tses. 

-. d l P o u e r  ---- _plnnt - .- A steel-tubin:; cngisie bea re r  i n  f r o n t  of 

t h e  f i r ep roof  bizlkhend o r  l i r e  Y i J T l l ,  i o  l i g h t e r  thai? it durnluriiiii 

bea re r  of  equal strei-i@h, or in& $0 thr elalsorate r i v e t i n g  iieceg- 

s i t a t e d  by the  oblique ne ihe r s  of duralw1iin j o i n t s .  The c o s t  of  
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a welded s tee l - tub ing  engilze bearer  i s  also g r e a t l y  reduced by 

t h e  loiv co'st of the m a t e r i a l  and by t h e  absence of complicated 

s t r a p s  and connections.  

The c o s t  of eilgine i n 2 t z l l a t i o n  i s  c h i e f l y  deterinined by the  

engine cowling which, wi th  the f i r e  wall, r e q u i r e s  a l a r g e  amount 

o f  shee t  metal .  In  nixed cons t ruc t ion ,  v i t h  t h e  eRgi2e b e a r e r  

and f i r e  w a l l ,  i t  amounts t o  about 105 of  t he  t o t a l  c o s t  of t he  

airplai?e. The cos t  o f  the  cowling i s  g r e a t l y  reduced by a nose 

radiator s i n c e ,  w i t ' n m t  t h e  l a t - t e r ,  a cowliizg wi th  good aerody- 

namic c h a r a c t e r i s t i c s  r e q u i r e s  considerable  stamping. A s  a r u l e ,  

Rose radiators not  only reduce the weight and c o s t  o f  the coml- 

i ng ,  but s impl i fy  the  water pipilig and reduce i t s  cos t .  The 

weight and c o s t  a r e  f u r t h e r  reduced by coinbirLing the  a u x i l i z r y  

water tailk rriith the  upper ta& of t h e  i?ose radiator.  ijose radi- 

ators a r e  i lot  the  b e s t  aerodynamically, bu t  no o ther  arrangement 

o f f e r s  s u f f i c i e n t  advantages t o  j u s t i f y  i t s  s u b s t i t u t i o n  f o x  

nose radiators, which a r e  iTOW gaining ground through evaporat ive 

cool ing.  The c o s t  'and weight of  water-cooled engine coWlii>gS i s  

p r o p o r t i o n a l  t o  t h e i r  a r ea ,  which i s  s l i g h t l y  reduced by nose 

radiators 

3ngine-control rods a r e  inore expensive than  i s  u s u a l l y  

thought. 

rods  a r e  always l i g h t e r .  

l o c a l  and buckl ing s t r eng th .  

l i g h t e r .  

Velded s t e e l  tubular  rods sxe cheapest ,  but l igh t -meta l  

Alwniiiuii i s  good, owing t o  i t s  g r e a t  

It  i s  a L i t t l e  inore expensive, bu t  

For a g2ea-t buckl ing l eng th  i t  has the  same modulus o f  



elas 'c ic i ty  a i d  streiig'ch as duxaluliiin. This proper ty  i s  g r e a t l y  

a f f e c t e d  b y  s t r u c t u r a l  c le ta i ls  a.ilil c p c e  cons idera t ions .  A small 

space usua l ly  r equ i r e s  s eve ra l  i n i e r q 3  illLdinte transi:lission l e v e r s ,  

t he  i a n t e l l a t i o i 1  o f  which i s  o f t e n  d - i f f i c u l t .  A c e r t a i n  amount 

of f r e e  space between the  engine aild the  f i r e  wall g r e n t i y  re-  

duces the  leilgth of the rods.  Throt-t le aiid i gn i t i on - l eve r  han- 

d l e s  w i l l  soor. be pu t  Oi? tiic market a s  standardized parts, The 

"Ahreilds c o n t r o l ,  I t  which r ep leces  the  S c l l  crank, i s  the  f . irst  

s t e p  i n  t h i s  d i r ec t ion .  

The f u e l  piping oftel? depeiids on the  space between t h e  f i r e  

mall an$- t h e  cpgiile. A sna.11 space g r e a t l y  i i lcreases  the  c o s t  

of asser,ibling. The essc iz t ia l  par t s  of a large g r a v i t y  ta.nk in-: 

s t a l l a t i o n  ilzclude the  p ip ing  froi?l ta.nk t o  s t r a i n e r  and f r o m  

t h e r e  t o  the st.o?cock, i.r'r,icli m y  a l s o  form the  coniiection through 

t h e  f i r e  wall  and thence t o  tke ca rbure to r .  Fuel PUiQO reqixire 

a d d i t i o n a l  p ipes  t o  t h e  s t r a i n c r  ruiwing throu:;:h the  f i r e  wall 

and returning through it t o  the s t o p ~ o c k .  The l i s t  inc ludes  a 

c o n t r o l  rmiiometer w i t h  p ip ing  aiid i n s t n l l a t i o i i .  Two pumps are 

gene ra l ly  used f o r  reasons of s a f e t y ,  and tlie l eng th  of t he  pip- 

i n g  i s  increased mcordingly .  The f u e l  pu:xp proper  i s  LZ~? expen- 

s i v e  raechaiiism, the  ope ra t ion  c m l  g;eiIeral equipmerlt of which, 

i m l u d i n g  co i? t ro l  icstrumcats, causes fui-t!it-:r expense. Mor.eover , 
g r a v i t y  t a n k s  a r e  sP.fer, this be ing  a rer1ar.kabI-e ins tance  i n  

which sa fe ty  docs not  ixcrease  tlie c o s t .  A subdiv is ion  of t he  

g r a v i t y  tank f o r  readsoils o f  w , f e ty  r e q u i r e s  two ? ipes ,  one addi- 
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t i o n a l  three-way valve and two f u e l  gauges. Two tmhs c o s t  nore 

tlizn Oi?e and sa fe ty  aga in  increases  the  c o s t .  

The shape of  t h e  tai& i s  very i m p o r t a n t .  A s n a l l e r  surface 

a r e a  f o k  a given capac i ty  reduces t h e  consumption of  shee t  n e t a l  

and the l e n g t h  of soldered,  velded, o r  r i v e t e d  s e a m .  \Tin.g tanks 

usua l ly  have l a r g e  su r faces  aEd are t he re fo re  heavy and expeii- 

s ive .  Tanks o f  ally i m t e r i a l  mounted 02 r e s t s  o r  f i t t i n g s ,  in- 

s t e a d  of beii?g sripported. by straps o r  saddles ,  a r e  uilpopular. 

They a r e  a l s o  expensive, owing t o  t h e  d i f f i c u l t y  o f  traiisE1itiing 

f o r c e s  through fue l - t i gh t  comect ions .  Figure 11 shows tm ex- 

amples. 

Brass i s  now w e d  l e a s  extensively.  I ts  s t r e n g t h  i s  about 

25 kg/mii2 (35,559 13. /sq. f t .  ) . IVelded s e a m  a r e  coniparativel-y 

he avy . I n  r e l a t i o n  t o  rad i i ,  we 1 de d e l e k t r o n  and 

alumi-;lurn taiilks haye t h i c k e r  walls zrd t he re fo re  r equ i r e  a sraaller 

iiurtiber of p z r t i t i o n s ,  The shzpe o f  a lur~i inm and e l ek t ron  t a n k s  

d i f f e r s  f r o m  that o f  brass o r  d-uralunin ta.nks I The l a t t e r  a r e  

very l i g h t ,  welded aEd fue l - t igh t .  ?ery narrow welded seam 

a r e  expensive when produced i n  small quai? t i t i es ,  Owing t o  -the 

small q u a n t i t y  of German production, welded e l e k t r o n  tanks  seem 

liiost s u i t a b l e  a t  the p r e s e z t  t i n e ,  c ons icier i ng t h e i r  c o s t  and 

weight. Approximately 7 5  of the c o s t  of  labor f o r  a i r p l a n e s  

with tubu la r  s t e e l  fu se l ages  Fund ivood.en wi2gs i s  absorbed by 

the  f u e l  and o i l  systems. 

Wood p r o p e l l e r s  with f i t t i i i g s  cos t  about ace-third as r m C h  



as metal  p r o p e l l e r s .  Four-bladed propell .ers are more expeilsive 

than  two-bladed o-ies. TIirce-bla4ed iiood- p r o p e l l e r s  a r e  cheaper 

than -two- o r  four-bladed ones, because shor t e r  Sosrds  can be 

used- for t h c i r  constzuctioil .  The huS s’i;re:;sce, however, r e q u i r e  

large c r o s s  s ec t ions  u:?d considerable  weight. Tiic machining o f  

t he  b lade  zonnections x i t h  the  hub, especially f o r  thrce-bladed 

sild one-piece fo-ir-5lxied p r o p e l l e r s  i s  vcry  expensive. The c o s t  

of diSf ere-ilt p ropc l l e r   type^ of  equal diametcr c o ~ q s r e s  as f ol- 

lows: two-bladd,  100s; div ide6  four-blsdd, 2305; one-piece 

four-bladed, 240$; an3 thrz+bladcd 220$, x i t h o u t  hub. 

4 ----- Landing ~ ~ 2 2 . -  Tho whecls iiosorb half tile c o s t  o f  a 

landing  par. V-type o r  bou 1andii-i; ge?,rs m e  being  sra,duaS!-y 

rep laccd  Sy thosc  w i  t k  ciiock-absorbiag ctru’;s. EILektron aiid 

s i l u x i n  cunt ings n e  i1oW extens ive ly  used for s t r u t s  with rubber 

shock absorbers. Ti rcs  tdce  70~% o f  tlie c o s t  of  a wheel sild t h i s  

f i g u r e  Cailnot be reduced by inti-eased production. The rubber 

c a b l e s  o f  Sood siiock-a’bsor13iiilg s t ru t s  l i k e v i s e  take 3 g r e a t  part  

o f  t h e i r  c o s t  o f  coi1struCtion. Inasmuch as the  p r i c e  of rubber 

i s  no’c reduced by inci-emed consunptioil, o lcopne-matic  s t r u t s  

z r e  coming i n t o  w e .  They :;re b u i l t  on mass-procluction l i m s  5 y  

su’bsicliary f a c t o r i e s  aizd t h e i r  c o s t  w i l l  7-38 g radua l ly  reduced t o  

a coilsiderable ex-tent. Sces!.des, Lbey a r e  l - ighter  ti1a.n s t r u t c  

w i t h  rubber shock absorbers .  D i ? t a  oil tke iy  c lurab i l i ty  a n d  t i g h t -  

ness af te r  a long pe r iod  o f  o p e r a t i o a  [ire i iot  y e t  m a i l a b l e .  

Chroine-nickel-steel axles a x e  nore  expensive t h m  carbon-s t ee1  
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a x l e s ,  but n u s t  be f r equen t ly  used f o r  l a r g e  wheels. 

Ef fec t  of S ize  

a) Wixgs and c o n t r o l  surfaces.- On extending the prev ious  

cons ide ra t ions  regard ing  can t i l eve r  b ip l anes  t o  a b ip l ane  with 

independent c a n t i l e v e r  wings, s eve ra l  e x m p l e s  o f  which have al- 

ready been b u i l t ,  t h e  following conclusions a r e  reached. If the 

j o i n t  a r e a  of the  two wings i s  replaced by a s i n g l e  c a n t i l e v e r  

wing, 

s i z e ,  a r e  neve r the l e s s  chexper. Besides,  a smaller  number of 

ribs and on ly  two bent  edges, two  a i l e r o n s  wi th  con t ro l s ,  two 

pairs of wiilg-root f i t t i n g s  a r e  requi red ,  i n s t e a d  of  twice t h i s  

number o f  p a r t s  f o r  S ip lanes .  Hence, a nonoplai1e wing would be  

cheaper. I n  o the r  words, l a g e  sur faces  a r e  chezper per xiit 

area than  sixall sur faces .  n1is i s  ex t rene ly  important f o r  l i g h t  

a i r p l a n e s .  

wing per  u n i t  a r e a  i s  inverse ly  propor t iona l  t o  i t s  area.  B i -  

p l anes  of  l e s s  t h m  50 hp adre s o  expemive they cannot compete 

w i t h  monoplanes of t h e  same poqver. Theficpper 01 lower Wii?g is 

very small. The wing loading,  usua l ly  i m r e a . s i n g  with the s i z e  

of  the a i r p l a n e ,  r e q u i r e s  a narrower r i b  spacing end hence a 

g r e a t e r  iiunber of ribs. Elis, however, i s  i ? O t  very important,  

s ince  t h e  c o s t  of t he  d i f f e r e n t  par t s ,  r e f e r r e d  t o  the  u n i t  a r e a ,  

i s  g r e a t l y  reduced w i t h  iizcreasing s i ze .  

two spa r s  only a r e  required which, a l though o f  l a r g e r  

. 

For ad uniform spacing of -the ribs, t h e  p r i c e  o f  a 



a r e a ,  u n t i l  a point  i s  rea.ched where they have t o  be divided. 

Zxperience shows that the  b e s t  s i z e  f o r  d iv id ing  wings p a r a l l e l  

t o  the spars i s  usuadlljr reached when r a i l  t r anspor t a t ion -  becomes 

iiiipossible. 

t r a n s p o r t a t i o n ,  covering, coa t ing  and s t o r i n g  o f  t he  whole wing 

Owing t o  the  c-xfoersome leiigth o f  the  ribs, t h e  

becomes d i f f i c u l t .  No d e f i n i t e  f i p r e s  call be given in t h i s  

connection, s ince  they nre  a1wa.y~ s l i g h t l y  a f f e c t e d  by the  t o o l  

equipment and by d e t a i l s  o f  eo’-:. s t r u c t i o n .  Under these condi- 

t i o n s  very l a rge  b ip l anes  3rd ]yore econoiiAca1 than  monoplanes. 

Division of t h e  wing parallel $0 the  spars i s  very expen- 

s ive .  Iizdiviciucl,l p r t s  o r  f i e l d s  o f  t h e  wing 8,re not  interchange- 

a b l e ,  clue t o  t he  c x t r x i c  l ight izezs  o f  t k c  f r o n t  and r ea r  p o r t i o n s  

which lack s u f f i c i e n t  s t i f f n e s s  wiieii separatec! fron the  spar. 

They always warp s l i g h t l y  zftcr renoval  f rom the  j i g  and uust 

the re fo re  %e f i rmly secuyed t o  tlic s - 9 ~ .  This i s  very expeilsive 

f o r  wings divided aloiig four  l i n e s  p x a l l e l  t o  t h e  spars  and ex- 

tending over  the whole span. Each box hm at-tachnent f i t t i n g s  

and s t i f f e n i n g s  i;liiich provide a c e r t a i n  rLsicli-Ly when the  boxes 

a r e  dismantled. E,.e s t re i lg th  of  t he  ei?ges t o  which the  covering 

i s  a t tached  r u s t  be p ropor t iona l  t o  t he  t ens ion  o f  the f z b r i c .  

In  the c a s e  o f  undivi4ed wiilgs this cons ide ra t ion  Lipplies t o  t he  

leadint ;  and t r 3 i l i n g  edges oilly, while  i n  the  preucnt  case  i t  

extends t o  the d i v i s i o n  edges. 

Metal-covercd wings d i f f e r  s l i [ :ht ly  frola fabric-covered 

oiles. I k t a . 1  covering t a k e s  a r a d 1  g r e z t e r  p a r t  o f  the c o s t  o f  
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product ion then fabric covering. The cos t  p e r  u n i t  a r e a  of  

spars, ribs, bent  edges, a i l e r o n s  and hinges,  attachment f i t t i n g s ,  

e t c . ,  decreases  with inc reas ing  s i z e ,  while that  of  the covering 

remains unchanged. Inasauch as -the l a t t e r  t akes  a g rea t  p a r t  of  

t h e  cost  of the  f i n i s h e d  wing, the f i n a l ' c o s t  reduct ion  pe r  u n i t  

area i s  sixall. R e  c o s t  of  t he  expensive metal  covering i s  fur- 

t h e r  i x r e a s e d  by the  numerous j o i n t s  n e c e s s i t a t e d  by the  sepa- 

r a t i o n  of t h e  wing i n t o  seve ra l  boxes. Each l i n e  of s epa ra t ion  

has two r i v e t e d  scams i n s t e a d  of one i n  the  undivided wing. Be- 

s i d e s ,  t h e  spacing of t he  r i v e t s  must be reduced. The d i f f i c u l -  

t y  o f  assembling l ead ing  and 'mai l ing edges 1 2  t o  14  m (39.37 

t o  45.93 f t . )  loilg, j u s t i f i e s  the a d d i t i o n a l  c o s t  of  a f u r t h e r  

subdiv is ion  i n t o  boxes of approximately 2 m (6.56 f t . )  l e n g t h  

t o  reduce t h e  c o s t  of  asse;i:bling. 

Wooden wings a r e  seldoin l a r g e r  than 100 t o  200 m2 (1076.4 

t o  2153 sq . f t . ) .  For  s t a t i c  reasoils t he  weight per  u n i t  a r e a  

( w i - n g  weight)  i nc reases  with the size of  the  wing. . Metal t akes  

a g r e a t e r  p a r t  of the  c o s t  of a wing than wood. Seme ,  t he  c o s t  

p e r  u n i t  a r e a  o f  l a r g e  metal wings does iIot i nc rease ,  wi th  ir,- 

c r e a s i n g  s i z e ,  i n  t he  same proport ion as t h a t  o f  Inrooden wings. 

The cons t ruc t ion  of a i r p l a n e s  exceeding 20 t o  25 tons  

(44,003 t o  55,115 lb.) i s  ilot  only a s t a t i c  problem involving 

t h e  weight of the  a i r p l a n e  p a r t s ,  bu t  a l s o  one of  production. 

Large a i r p l a n e s  a re  heav ie r  and moi-e expensive, s ince  the divi'' 

s i o n  of  pa;-ts i w r e a s e s  t h e i r  weight and c o s t .  Other f a c t o r s  
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must ke added, such as s t i f f e a i n g s  2nd attachment f i t t i n g s  of en- 

gine nace l l e s ,  landing gea r s ,  wiizg-tip f l o a t s ,  hand-ling-truck 

connections,  pa,ssa.ges ii? tile n i i ~ ~ s ,  e t c .  Se2"plailes must have 

water- t ight  conipartxents a,nd d o o r s ,  water- t ight  e x t e r n a l  r i v e t -  

i n g  sild i n spec t ion  h o l e s ,  l i f t i n g  r i n y s  f o r  t r a n s p o r t a t i o n  pur- 

poses ,  e t c .  For these reasoizs a i r p l a n e s  of  noile than 1 2  to:is 

weight a r e  very expensive. 

b)Fu.selagg.- Aily f u r t h e r  iizcrease i n  the  s i z e  of plywood 

fuselagcq i s  o u t  of t h e  questioiz. This does no t  apply t o  s t e e l -  

tubing and shell-type fuse lages .  The sur face  o f  a fuse lage  uli- 

dergoiilg a confo rm1  inc rease  gro.vs as the second power and its 

volunc pus t h e  th i rd  power of  i t s  l i n e a r  d-iixensions. 

d e f i n i t e  l a w  f o r  s t r e s s e s  an6 bending lXouei?tS. Landing impacts 

and s t r e s s e s  ii1 the c o n t r o l  sur faces  P T C  zbsor-ced by d i f f e r e n t  

p a r t s  ol 'Ghe a,irpl-adne s t r u c t u r e ,  which ;.lust be dimensioned ac- 

CordinSly. 

depei?ds oil t he  load d i s t r i b u t i o n  i n  t h e  fuse lage .  

There i s  no 

Tie r e l a t i v e  importance of t h e  two groups o f  f o r c e s  

Th2 r e q u i s i t e  

load fac7;ors decrease v i th  inc reas ing  s i z e  o f  a i r p l m e .  Tne 

f lange  ai:d web "iickr_ess o f  nodern trainii-ig apcl mail p l anes  v i t h  

s teel- tubing f u s e l a p s  i s  about the  saxe as f o r  l a r g e  coixLAlercial 

a i r p l a n e s .  

proportional t o  the s i z e  o f  the fusc lage .  Hence, tile w i g h t  of  

small and. l a r g e  s tee l - tub ing  fusela[-.es per  u n i t  area.  i s  usually 

4.0 t o  5.5 kg/r2 ( .62 t o  1.13 l b . / s q . f t . ) .  Another very impor- 

t a n t  poi i? t  i s  that  t h e  iluri:ber of jo i iz t s  of t h e  fuse lage  s t ruc -  

The change i n  the  4iamctcr of  -the tubing i s  nea r ly  
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t u r e  i s  p r a c t i c a l l y  unaffected by inc reas ing  i t s  s i z e .  Some very 

l a r g e  fuse l ages  have a smaller number of j o i n t s  than those of 

s p o r t  a i r p l a n e s  f i v e  t o  seven times l i g b t e r .  Hence, the number 

o f  tubes and r i v e t e d  o r  welded j o i n t s  i s  p r a c t i c a l l y  CoiTStaiIt 

f o r  all fuse l age  s i z e s .  For the  same th ickness  o f  metal, t he  

l e z g t h  o f  t h e  welded s e a m  or the s i z e  of t he  r i v e t e d  s e c t i o n s  

i s  roughly propor t iona l  t o  the  l e n g t h  of  the  fuzelp.ge. On the  

o t h e r  hand, labor  and m a t e r i a l  vary as the square r o o t  o f  t he  

a rea .  Tile c o s t  of t h e  f a b r i c  covering i s  p ropor t iona l  t o  the  

a rea .  The same a p p l i e s  t o  f l o o r s ,  l i n i n g s ,  e t c .  The p e r c e n t i l e  

c o s t  of  s i n g ,  landing gear  aiid t a i l - su r face  f i t -k ings  i s  r a t h e r  

h igh  and does not  f o l l o w  any d e f i n i t e  law. 

t h e  s o l i d  are usua l ly  xore expejisive t h m  shcc t -ne ts1  f i t t iqp.  

The f i t t i i z g s  f o r  very l a r g e  fuse lages ,  the  s tee l - tub ing  struc- 

F i t t i n g s  cu t  from 

ture  of w;iich i s  cheaper on account o f  i t s  s i z e ,  t ake  50 t o  555 

o f  the  c o s t  of tlie covered s t r u c t u r e ,  not  i nc lud ing  c o n t r o l s  

and equipnent,  while ,  i n  sixall fuse lages ,  t hese  f i g u r e s  a r e  on- 

l y  20 'GO 30:;. The c o s t  o f  the  covering of  very  l a r g e  f u s e l a g e s  

i s  betneeiil 15 a,nd 205. 

s t r u c t u r e  and f i t t i n g s  (Caspar 'IC 35;' - Fig. 1 0 ) .  

The r e s t  i s  ;zakeiz by khe s tee l - tub ing  

'i7ith iiicreasi11g s i z e  the  CTOSS s ec t ions  of  t he  upper aizd 

lower f la i iges  of shel l - type fuse lages  a r e  governed by the  s a l e  

cons ide ra t ions  as s tee l - tub ing  fuse lages ,  The spacing o f  t he  

frames riust be  kept w i t h i n  d e f i x i t e  l i n i t s .  Ce r t a in  l a r g e  air- 

p l anes  a r e  provided w i t h  n a i n  f r anes  corresponding t o  t h e  string- 
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e r s  of ste?l--tUbiiig fuse l ages ,  The spacing of the  in te rmedia te  

a u x i l i u y  f r a x e s  i s  independent of t h e  s i z e  o f  tke  fuse lage  o r  

h u l l  aiic? deternined oa ly  by  the  r e q u i s i t e  s t i f f n e s s  of t h e  cov- 

e r ing .  The c o s t  of l a b o r  f o r  t h e  cons t ruc t ion  a i d  e r e c t i o n  of 

tkese  CT2,i-leS d.oes no t  depe:2d e i i t i r e l y  on t h e i r  s i z e  but r?ulso OP 

tile Xi:>c! o f  s ec t ions ,  corner  p l a t e s ,  etc. The c u t t i n g ,  tack- 

i n g  slld r i v e t i n g  of tlie coveriiiz t akes  xpproxirmtr31y $0.; of t h e  

c o s t  &id v a r i e s  cli;-ectly 2 s  tP.e a-ee. ';;?le pio.'L:ction m d  a-ttach- 

ix:.t o?" t h e  f i t t i n g s  v c ~ y  coi2::i?-crcG:,l>r, as i i i  the case o f  s t e e l -  

tubing fuselages.  In  shoi-t,  t;Te c o s t  per  ui i i t  area of snell- 

Thi s c o s t  s i-282.1 t? 1' i n  t h e  Tirs-t i n  which the  

p m t  of t h e  c o s t  of  t h 2  coveriiig which i s  d i re ;  Iiy propor t iona l  

t o  the  area, i s  5reati.r thxi ii? the secocd ca.se. 

water pressure. %+e beam s p a i n s  o f  vmlkakle decks i s  independ- 

e n t  o f  their s i z e .  S i a i l a r  cons ide ra t ions  apply t o  the s i d e  

w z , l l s ,  which take pa r t  of t h  m t e r  pyessurc. The s i z e  o f  a 

f l o a t  may be g r e a t l y  i;rlcrea.sed, without ciissiging the  i?UTIbeT o f  

bulkher?i?s, he tches ,  and f i t t i n c ; s .  Tlie c o s t  c m  b e  reduced Sy 

special a t t e n t i o n  t o  c lc ta i l s .  BesiiJ.es, t h e  c o s t  per n i t  area 

decreases with iilCrea8igg s i z c ,  s i n c e  the  c1osin.g o f  srncll hol- 

low bod ies  i s  r e l a t i v e l y  more expei?sive than that of large oiies. 

The inf lucnce of  the f l o a t  volu)ile i s  dec i s ive .  It i n c r e a s e s  as 
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t h e  t h i r d  power a i d  the  f l o a t  a r ea  as the  second power of t he  

inc rease  i n  s i ze .  This c l e a r l y  demonstrates a decrease i n  t h e  

cost  of  product ion pe r  uxit volume, which i s  o f t e n  accompanied 

by a decrease  i n  the  c o s t  of production per  u n i t  area.  

The v a r i a t i o n  ii1 t h e  c o s t  of  t h e  many d i f f e r e n t  f l o a t  gears 

does ~ o - t  f o l l o w  any d e f i n i t e  law. For small v a r i a t i o n s ,  t h e  con- 

d i t i o n s  a r e  probably siailar t o  those of  s teel- tubing fuse lages .  

I n  p r a c t i c e  an increase  iil the  t o t a l  weight from th ree  t o  s i x  

tons  does n o t ,  as a n A e ,  dou%le tiie !ireight o f  the  f l o a t  gear.  

I t  i s  s t i l l  more d i f f i c u l t  t o  es t imate  the  c o s t  of  the  g r e a t  

number of d i f f e r e n t  landing  gears, 5 u t  so ix th ing  can be said re- 

garding the wheels. They a r e  loaded i n  propor t ion  t o  t h e i r  pro- 

j e c t i o n ,  i . e . ,  t he  diameter by the width. The c o s t ,  varying as 

t h i s  product ,  i nc reases  very ra-pidly, as much as fou r fo ld  f o r  

an  i n c r e a s e  of the  wheel load from one t o  two tons ,  o r  twofold 

on the  basis of the  ca r ry ing  capac i ty  of  'Lie a i rp l ane .  

two tons  tiie c o s t  i nc reases  more slowly and dcci.eases s l i g h t l y  

Above 

again f o r  very large dimensions. 

d) Power plant . -  Two single-e:igine a i r p l a n e s  - a l a r g e  one 

with an 800 lip engine and a s m a l l  oiie w i t 3  ai1 80 hp engine - 
a r e  cofiipared below. They have the same power loading,  t h e i r  

weights be ing  i n  the ra t io  of 1 t o  10. %le 8 r e 8  p e r  horsepower 

of the  e rg ine  cowling aRd f i r e  wall i s  about t h e  same f o r  both.  

The c o s t  pe r  horsepower of  t he  engine i s  n o t  m c h  a f f e c t e d  by 

i t s  s i z e  o r  type,  be ing  about the same f o r  v e r t i c a l  and radial 



engines.  Due 'GO the  g r e a t  cos t  of cooliylg ins ta l la t io : i s ,  air- 

cooled engiiles would have the  advantage except f o r  c e x t a i n  ex- 

pensive p a r t s .  

governed b y  d i f f e r e n t  cons ide ra t ions ,  bu t  the  s i z e  of b o t h  types 

The b e a r e r s  of v c r t i c n l  ai15 radial engines a r e  

v a r i e s  as t h a t  of  t h e  fuselage.  The number of  j o i n t s  i s  coil- 

s t a n t .  The bearer  o f  ay1 engine i s  n e i t h e r  tewfold  heavier  iior 

tenfold xore expeimive thaii the bea re r  o f  an engine oiie-tenth 

as l a r g e .  

l e v e r ,  a c i r c u i t  b reaker ,  s t a r t i n g  :aa,-neto, r evo lu t ion  counter  

and f i r e  ex t inga isher .  The larzc cvgine also r e q u i r e s  oil ther-  

noineters and pressure  gauz2s. 

t e r  thermometers, while  fue l  pucigs r equ i r e  fuel-pressure gauges. 

Hence t h e  l a r g e  engine has a very sn2ll ilUiiber of  instrumen-ts 

p e r  horseponer, 'out i t  also r e q u i r e s  a s t a r t e r .  Bo th  a i r p l a n e s  

have the same speed an6 a r e  ecpipped with water-cooled ,engines ,  

t he ix  r a d i a t o r s  be in3  of the  saxe type and 3avii?s s t r i c t l y  iden- 

The s m ~ l l  eiigine h a s  a gas  t h r o t t l e  ai13 igizi t ion 

!Tat e r -c o o 1 e(? ei2g i ne s r e  qui r e wa- 

t i c a l  p ip ing .  

t he  poaer i s  therefore  constant .  

s i z e  of the water tank increases  as the  s y u m e  r o o t  o f  t h e  fron- 

t a l  area. o r  of  tile ei?gine power. 

rc7.diator does  not  c o s t  teii t i n e s  mort3 than that  o f  the  small one. 

The s i z e  oi %?.e vn te r  p ipes  i s  gover:ned by cons ide ra t ions  s i n i -  

lar  t o  those ne-ntioncd above f o r  fu se l age  s t r u c t u r e s  and engine 

bea re r s .  

i s  of  couxse not  p e r f e c t  i i l  p r a c t i c e .  

The ra-cio of the f r o n t a l  a r e a  o f  %he radiator  t o  

I t s  per iphery m.d hence 'Ghe 

mie attaciGlei1t of the  l a r g e  

The analogy b e t w e n  two airpl-anes of d i f f e r e n t  s i z e s  

According t o  the  above 
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examples, t h e  cos t  o f  eilgincs per horsepowcr decreases  w i t h  in- 

c r eas ing  s i z e .  

The s i z e  of  a p r o p e l l e r  under go irig a :> ?e orAie t 1: i c a l l y  s izii lar 

inc rease  throughout i t s  d iane ter ,  i nc reases  as the  f i f t h  r o o t  of 

t h e  power output  a t  a coilstant r.p.m. sild as the  f o u r t h  r o o t  o f  

t he  p e r i p h e r a l  v e l o c i t y ,  A t  a cons tan t  aq-plar v e l o c i t y  the  

cei2tr i fugal  Torce n e c e s s i t a t e s  s i~c h a strengtheil ing of  t h e  hub 

s e c t i o n  with inc;.easing diameter, tha t  the  n e i g h t  i n c r e a s e s  as 

t h e  fourth pouer of  t he  diameter. The cos t  i nc reases  as the  

2.4 power of t he  diameter. Hence, t h e  cos t  o f  t he  p r o p e l l e r  

. v a r i e s  e i t h e r  as the Z.4 /5  power of t h e  output  a t  cons tan t  r.p.n. 

and p e r i p h e r a l  veloci'cy, a;,ld as t h e  2.4/4 ?over o f  the output a t  

CoEstaiTt r.p.m. and p e r i p h e r a l  ve loc i ty .  This shows aga in  a 

marked te:?@.ency 'Goward a cos t  reduct ion per horsepover w i t h  in- 

Creasiilg s i z e .  

Ef fec t  of Paver--Plant D e c m t r a l i  z a t i o n  

Three o r  f o u r  engines z re  o f t e n  used t o  i nc rease  the safety. 

The a d d i t i o n a l  cos t  of dece- t ra l iza t ion  on a s-tandard commercial 

a i r p l a n e  o f  four t o  seven toi ls  i s  caAculated on the  assumption 

tha t  t h e  s i n g l e  c e n t r a l  e:yine has  tile szile power as the e n t i r e  

d e c e n t r a l i z e d  pomer p l a n t .  In prac'cice the  l a t t e r  must have a 

g rea t ez  t o t a l  power f o r  obvious reasons.  

A s  a l r eady  shown, the differeilce between the  cos t  p e r  v.i?it 

power o f  large and saal l  engiiles i s  s l i g h t  ail$ f o l l o v s  no dcf i -  

; l i t e  lam.  The same considerat ion a-pplies t o  cowlings azd f i r e  
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walls. A l a r g e  e;izine benrer ,  kovever, i s  rmcli c h e q e r  than  

th rue  o r  four smaller ones. The i n s t a l l a t i o n  of l a t e r a l  engixes 

with cowlings and f i r e  walls r e q u i r e s  adcii t ionnl b e a r e r s ,  s t ru t s ,  

f i t t i n g s ,  w i i 2 g  s t i f f e a i z g s  X1d f‘dirings. 

eiigines f o r  a s i q l e  ceilt;’?,l ei:,,c.ine, the  s i z e  of the  cowling and 

f i r e  wall of  the  ceiltrctl engi-ize i s  scarce ly  re2uced. The number 

of col l t rols  and instruments i s  ii7-creaned t h r e e  o r  four  t i n e s .  

Besides,  Oile stardayc? r evo lu t ion  c w n t c r  i s  rep lzced  by t v o  and! 

some -tine s eveil by  four  5i s tant-i- eacii:>g trzchonie t e r  s . 
a r e  increased by the  use o f  long push rods and p ipes .  Thrce o r  

‘fo7-u eilfr;i;zes r equ i r e  fiiore than one f u e l  o r  o i l  tack ;ind rad ia tor .  

The c o s t  o f  a l l - t h e s e  parts i i icreases  with decreas ing  s i z e .  Sev- 

eral enyincs together  c o s t  more than  a s i n c l e  engine of ’che Sam 

povrer, t h e  c o s t  increas i i l s  n i t h  t h e  num’ocr o f  engines.  The 

wei@t i s  : intural ly  increased  by ad(!ition?J tanks  a;?d p ipes .  

The assuaptioil  previously nade, that; the c-LSi:7-e pover  need EO’G 

b e  increased f o r  the  same pay l o a d ,  i s  t h c i e f o r e  incoi . rect ,  and 

-the power riust be  increased .  Al so  t hc  :.ring rus’c be enlarged t o  

cari.y rnoi’c ponerfu l  eizgiiles, this co i>s t i t u t ing  aiiotiicr reason  

f o r  increas ing  the engine power. The Ureater c7-rzg o f  t h r e e  o r  

f o u r  engines n e c e s s i t a t e s  a f u r t h e r  increase  of  power, i f  t he  

In  SEbs t i t u t ing  t h r e e  

D i f f i c u l t i e s  

a i r p l a n e  i s  t o  n a i n t a i n  i t s  speed. These cons ide ra t ions  l e sd  t o  

l a r g e r  eizgil?es with g r e a t e r  amounts of  f u e l  and o i l ,  larger 

t anks ,  e t c . ,  thus necessitati i1.z a f u r t h e r  i n c r e a s e  of  power. 

The c o s t  i i icreases w i t h  the  nuilbcr of engines. 



T'ne weight reduct ion  attempted on l a r g e  a i rp l anes ,  by loca%- 

i n g  c e r t a i n  loads  i n  t h e  wings, l e a d s  t o  c o n f l i c t i n g  r e s u l t s ,  

s ince  the  loads  increase  every time they a r e  d iv ided ,  and 

drag i s  also increased.  The f a c t  t ha t  only t h e  meight of 

wing spar i s  reduced by a load d i s t r i b u t i o n  over t he  span 

o f t c n  overlooked. The o the r  condi t ions  remain uiichanged. 

t he  

t h e  

i s  

The 

wiag weighs approximately 15% of t h e  whole a i r p l a n e  

of this f i g u r e ,  o r  7.5$, being absorbed by t h e  spa r s  and s t r u t s .  

A reduct ion  t o  55  i s  the  maximum obta inable  by an outward sh i f t -  

i n g  of t he  loads .  This reduct ion i s  a l ~ ~ ~ a y s  o f f s e t  by i n c r e a s e s  

i n  the ind-ividual l o a d s .  

one-half 

C o n c l u s i o n s  .. I 

Tile h i s t o y i c a l  development i s  a gradual t r a i l s i t i o n  t o  cheap- 

e r  types of cons t ruc t ion .  Two-strut and t h r e e - s t r u t  b i p l a n e s  

are replaced by the  single-'s-brut type.  The braced IrTaubetl w a s  

transformed ' in to  a s t roi lgly brnced o r  can-bilevcr noiioplane. 

wood-and-wire fuselege has disappeared. ScSlicien'6 experience 

has i lot  y e t  been gained i n  all-duralumin a i r c r z f t  cons t ruc t ion  

The 

t o  p e r x i t  conpeting e f f e c t i v e l y  with r.lixed cons t ruc t ion  as re -  

g a r d s ' c o s t .  

s t r u c t i o n ,  as evideiiced by the  f a c t  that  one of  t he  o l d e s t  Ger- 

man metal  a i r c r a f t  f a c t o r i e s  i s  nov making fabric-covered dural- 

urnin wings. 

The l a t t e r  i s  a s tep  to7iJard cheaper methods o f  con- 

The two c a l c u l a t i o n s  f o r  t h e  de te rmina t ion  of the b e s t  aero- 

dynamic ai?d s t a t i c  s o l u t i o n s  a r e  o f t e n  replaced by a s i n g l e  
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c a l c  u l  a -i; i on giving t 11 e 11.0 s t e co n o  mi c a1 t yp e o f c o :I s t ruc  t i o 11, e s- 

p e c i a l l y  f o r  wings, t a i l  sur faces  and f i t t i n g s ,  s truts,  b e n t  

edges, e t c . ,  f o r  wing s e c t i o n s  with f i x e d  C.P. and i n  connect ion 

w i t h  decen t r a l i za t ion .  

The c o s t  of a i rp la i les ,  e s p e c i a l l y  of single-engii?e types ,  

decreases  with inc reas ing  s i z e .  

wing, t a i l  su.rface o r  fuselage i s  inve r se ly  p ropor t iona l  t o  t h e  

s i z e .  Engine accesso r i e s  o f  very small a i r p l a n e s  a r e  very expen- 

s ive .  Ext ra - l igh t  a i r p l a n e s  of very srmll s i z e  w i l l  eventua l ly  

disappear .  Such has been t h e  f a t e  of  l i g h t  :,lotorcycles aizd h i -  

cyc le s  with a u x i l i a r y  m o t o r s ,  b u i l t  s i x  t o  e i g h t  years ago, and 

which have now completely disappeared, 

cheaper types,  m m f a c t u r e r s  neglec ted  the convenience and s a f e t y  

0 2  t h e i r  patrons.  

made them gradual ly  lose t n e i r  niarket. 

t he re fo re  b c  kept  above a c e r t a i n  ninimum s i z e  l i m i t ,  e s p e c i a l l y  

because any f u r t h e r  reductioi? would b r i n g  no apprec iab le  advant- 

age. 

Their cos t  per  u n i t  a r e a  o f  

In  all a t - texpt  t o  produce 

This arLd the sho;-t l i f e  of  tkicir products  

Sport  a i r p l a n e s  should 

Airplaaes  carryii lg two persons must be  f u l l y  r e l i a b l e  at  

c r u i s i n g  speed w i t h  t h r o t t l e d  engine. 

With a very few except ions,  s a f e t y  iizcrcases the  C o s t ,  as 

shown p a r t i c u l a r l y  ky d e c e n t r a l i z a t i o n .  

l e a d  t o  the conclusion that heavier  eizgires, which a r e  more r e l i -  

a b l e  v i thou t  being i-liore expensive, a r e  the  b e s t  neans o f  increas-  

i n g  safe ty .  

with t h e i r  capac i ty ,  tha t  they a f f o r d  much b e t t e r  i;,leans o f  i m -  

Ecoiioi?iic cons ide ra t ions  

Large tanks  :ind p i p e s  a r e  so  l i g h t ,  as compared 



proviP4 s a f e t y  than small tanks. This cons ide ra t ion  a p p l i e s  t o  

o the r  engine accesso r i e s  of  high-powered single-engine airplarres .  

The above cons idera t ions  determine the l i m i t  of decentral- .  

i z a t i o n .  I t  not only inpairs t h e  f l y i n g  c h a r a c t e r i s t i c s  and re- 

duces t h e  cakry iag  capac i ty ,  but g r e a t l y  i n c r e a s e s  the  cos% of 

production. On the o the r  hand, d e c e n t r a l i z a t i o n  reduces t h e  EW- 

ber  of emergency landiilgs only when very powerful engines a r e  

used. Otherwise, t he  f a i l u r e  of  an engine reduces the  s a f e t y  of 

xul t i -engine a i r p l a n e s  i n s t e a d  of  i nc reas ing  i t .  

e r  c o m i d e r a t i o n s  favor  powerful engines,  enabl ing a 50$ reduc- 

t i o n  o f  t h e  normal power a t  c ru i s ing  speed with a corresponding 

g a i n  i;l s a f e t y .  

s i n c e  t h e i r  loading  inc reases  with the  nurdler, while the  degree 

of r e l i a b i l i t y  i s  correspondingly reduced. Uoreover, multi-engine 

a i r p l a n e s  a r e  slower, much l a rge r  and l e s s  maneuverable i n  emer- 

gency laiidings thaii single-engine a i rp la i les  of t he  same ca r ry ing  

capac i ty .  

These and oth- 

Tlie advantage of s e v e r a l  engines i s  problematic ,  

idid-dle-sized sh ips  z r e  now b u i l t  w i t h  a s i n g l e  engine, 

while  on ly  ,very l a r g e  steamers have seve ra l  e rg ines .  According 

t o  t he  above cons idera t ions ,  l a rge  engines should be b u i l t  and 

used on middle-sized single-engine a i r p l a n e s  o r  on very l a r g e  

three-or-four-engine types,  ins tead  of  us ing  a l a r g e r  number of 

l i g h t e r  engines . 
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L e g e ' n  d s 

E'?. 14. Al -ba t~os  SchlafiFfagen (sleepiil,"; c a r )  a;_l,d Caspar C 3 5 .  
30th airpla-:es 1ia,-re a;me uo7:7er, the  si3gle-engine type 

be ing  55 zo 60 hi /h  (54.2 t o  37 .3  i:ii ./hr.) f a s t e r  with a much 
heavier  ?.and. The c o s t  of the Schlrxfvagen s t ands  ii? a r a t i o  of 
8 t o  5 t o  th&t  of the.  C 35, k u l l t  37 ';he w i t e r ,  bo th  a i r p l a n e s  
5 e i a g  takei i  wi thout  Zi3C;i i1?Ss.  C 35, hoT.Jevcr, V T ~ S  'uui l t  sev- 
e r  a1 years  c,f t e r  the Schlnfnazen. 

-- Fig. 15. RohrSach Roland ;tild Z.F.'A'* I t  20. 

15  km/h (9.32 n i ,  /hr . ) f a s t e r  tiinn th 2 th rs+-e i 'q ; i re  %laill. 
Their cos-Ls, witllout engiileg, a r e  2 t o  1. Tlic :: 20 i s  de4;igi?ed 
on cheaper l i n e s .  Its mii:y;, which i c  imt :"itt:d i n t o  the  fuse- 
l a g e ,  a:-d its t z i l .  siirfacss F z e  p;Lrti;:lly covrrcc? with f a b r i c .  
Yet -the yreater cos t  of the  Rolai ld  i s  cki2:fly dire t o  decent ra l -  
i z a t i o n  of t he  paver p l ? x t *  ';he I! 20 hrviiip; t's air-cooled en- 
giiie a i x ' t  the Rolsnd. having w?,ter-cooled ei>,;iRcs, t he  deceil tral-  
i z a t i o i l  of t l ~  coolin: sys'zen nxf; also be considered. 

n, 

Both types cayry e i q h t  
t o  t e n  passcngera.  T-ie sii.;;?.e-e-?r$r.e jY 30 i s  &milt 



F i g .  16. Fokker F V i 1  and F V I 1  3 rli. Tkese two a i r p l a n e s ,  b u i l t  

and. t h c  xul t i -engine types ,  
on similar l i n e s ,  a r e  exce l l en t  examples of t he  s i n g l e  

Airplace 
engine 

--..- 

Engine poner 
Weight expty 
Crew 
Fuel 
Pay load 
Tota l  weight 
Wing a r e a  
S-p an 
Ra-nge 
Maximui speed 

F IT11 
1 J u p i t e r  

500 hp 

490 (1080 If ) 
800 I t  (1764 ll: ’ 

3600 (7937 I f ’  i 
58.5 9 (629.7 sq . f t . )  

19.3 m (63.3 f t .  
900 k m  (559 mi. 

197 km/h (122.4 m i .  /hr . ) 

F VI I 3 rLi 
3 Titan 

3 X 250 hp 
2780 kg (6129- 13. ) 
160 ( 353 ’I 1 
560 [I (1234 

1000 (2205 
4500 (9921 ) 

21.7 m (71 .2  f t . )  
700 km (435 m i . )  

185 km/h (115 x i . / h r . )  

67.6 li?“ (727.6 s q . f t . )  

The speed a.nd r m g e  of t he  three-engine F V I 1  3 m a r e  smaller  than 
those 02 t h e  s ing le  engiiie F VII, s ince  i t  ivould otherwise r e q u i r e  
more powerful e q i n e s ,  more f u e l  and a l a r g e r  wing. The c o s t s ,  
without ei?gines a r e  1 t o  1.3, and with engines 1 t o  1,35. 

Fig .  17. Udet Condor and Focke-Wulf Kgwe. 

s t r i c t i n g  a i r p l a n e  cons t ruc t ion  i n  GerLiaizy. Four 135 hp Sdmson 
engir-es had been o r i g i n a l l y  planned, bu t  weze f i n a l l y  discarded.  
R i t h  tile Salmson eil i n e s  the  speed o f  t he  p lane  would have been 
175 km/h (108 .7  m i .  $hr . ) i n s t ead  of ,I 162 km/h (100.7 m i .  /hr . ) wi th  
fou r  100 kp Siemens engines .  Tne Mowe has approximately the  same 
speed wi th  a x  ungeared 420 lip en@ize. 
a t t a i n e d  w i t $  4 x 135 = 540 hp, L o r  t h e  C O W ~ O Y ,  aild with 1 X 420 
hp f o r  t h e  Xowe. 
giize i s  198 kn/h (123 xi .  /hr. ) . Owirig t o  -~l:e marked decen t r a l i za -  
t i o n  of t h e  Condor, t he  r e l a t i o n  between the c o s t s  of the t v o  
types  i s  l e s s  favorable  than i r -  t h e  case of t h e  1.1 20 and the  20- 
laiid, -Lie d i f f e rence  between the fuselage s t r u c t u r e s  and all o the r  
d e t a i l s  S e i c g  Given due considerat ion.  The ,3ond.U:~ achieved no 
g r e a t  success ,  o.Jvii?g t o  i t s  small ene;i;,ie pover .  The g r e a t  l eng th  
o f  t he  p r o p e l l e r  s h a f t s  c?id not a f f e c t  t h e i r  operatioil .  

The four-engine Cor-dor 
w a s  designed by the  w r i t e r ’  under the  r egu la t ions  r e -  

A speed of 175 km/h i s  thus  

The speed of the 1Jhe  w i S t t  gea2ted J u p i t e r  eiz- 

Fig.  18. Junkers G 24 eiild. F 24. Several  o ld  three-engine types  
v ~ e r e  t ransforned  by su’asti tution of a powerful c e n t r a l  

engine. This arrmgemeYt i s  aa exal::ple of r e t r o g r e s s i v e  devclop- 
meilt. The F 24 w a s  equipped with t h e  f i r s t  ht?a.vy-oil engine. 

Tyanslat ion by 
Xa’cioi?al Advisory Comaittee 
f o r  Aeronaut ics .  
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0 1 2 3 4 5 6  
Tki ckne s s , mm 

Fig.1 Cost of materials 3er unlt area. 

Pigs. 1,2 

a , Ke di-m-liar d bras s 

c ,Elekt~on ZZ-and Ali 503,kz= 

k , Dura lwiiin, kz =3 8-42 kg/mv 2 

d,Elel;tro;i AZF!,kz=28-32 kC/m 2 
2 0-2 4 k;, /*nG 

2 
e ,Alurr.iriuni 
f, Sheet steel ,E :Z=EO-~O ~:g/rr=il, 
g,Sheet steel ,kz=34-42 kg/r.?" 
h , Plywood 

1 2  3 4 5  
Thi ckne s s , m 

a,Elektron 23 and AM503 
b ,Duralumin 
c,Elektran AZU 
d , P l p o o d  

e ,l:ediurn-hard t rass  2 
f, Sheet steel. Lzr60-70 kg/m 2 
g,Skieet steel,kz=34-& kg/nm 

Fig.2 Cost of materials per unit weight. 
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Fig.3 C o s t  

f = 1 . 0 , A l x c i  nun! t ut e s 

5, Co;7?er tubes 

'r,=o*f.i i=l.Oi S t e e l  tubes,!cci=50 &/mil 2 

j = 2  .O) 

2 

1 

0 
- 

20 40 GO E 

t-1.5 j 

c=?.O 1 
:Dsralm.in tubes  

Out s i l a  d i  a m  t c r  , r x  
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Fig.5 Sections of 

Memo .No. 618 Figs. 5,6,7 

Fig.6 Sections of 
typical wood spars. typical metal spars. 

Fig. 7 Simnonds Spartan" biplane 
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4 r- 3200 I - I 

ReiSht o f  sFar i s  s d 1  as 
camp-rcd w i t 3  t 'irt of  t'_ e 
tvro fol lowing t p c s , F i E s . ?  & 10 

l ! l  

2200y  

a ,True  
2 875 

3125 
c ,True 

3490 

b ,True 

d ,  650 
e ,  450 

Fig.  8 

I' Flan i  ng o 11 

Udc t U-12 

715 
750 
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I Rear 
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Fig.8a Moment diagrams for 
u 12 nFlamirgo". 

W 

Fig.11 W i n g  tanks i n  'IC 3@l 
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a,120 
7s,260 

Calcu la t ion  y i c l d s  l a r g e  
bending ;r.o:-?,ents due t o  
absence o f  coiAined 
e f f e c t  and t o  a large 
morent i n  case  C .  

Sec Fig.9a f o r  moxent 
diagram .WL on monent 
di? .{-rms i n d i c a t e s  
I t  t r u e  length" . 

c ,300 

- --! _.-L- 

g,True l e n g t h =  d,True l e n g t h =  

e ,True l eng th  = 
1032 .___ ,7090 

* 
Ap&.lies t o  
1 ower ai i1c: 
o . l s0 .  

i , S t r u t  l ength  = 
55,O 
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W n k g  
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I + 
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Calculation weight 

Fig. 9a 
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spar 
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Rear 
spar 
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Sei: Fi;:.lOa f o r  conent 
d i c L p a r - . s .  :.TIL on moment 
d 3- a& mrs i nd i cat. e s 
I t  t rw length”  . 

al though the  a x i a l  s t r e s s c s  are 
but  l i t t l c  a f f e c t e d  k:: i t .  
A s l i g h t  i nc rease  i n  s t r o x t h  
reduces weight of winti t o  t h a t  
o f  C32,i.e. f r o a  8 t o  7 .5  kc;/x . 

- - -  - - - - -  - - - - - - - - - - - - - -  
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Fig. 15 

~ _ _  
Fig. 17 

Fig. 18 


